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NCMENCLATURE

Virtual inertias
Wave amplitude

Amplitude of motlon of model and strut,
respectively

Distance from centerline to tip of fin
Appendix A) and strut semi chord
Appendix B

Theodorsen function

Wave speed

Maximum diameter of model

Distance from wave wire to CB of model

Correction factor for cGepth of submergence

Correction factor for ro0ll moment due to
conning tower

Gravitational constant
Depth of sublmergence tc coordinate axis

Depth to midspan of conning tower in model
dlameters

Depth to model centerline in model dliameters

Depth of submergence to model centerline for
each test in model diameters

Common depth of submergence = 2.,5D

Mass polar moment of inertia of model about
the z axis

1/—1
nth order Bessel function of the first kind

Roll moment
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Wave number, k = 2m/A = g/c2

Stiffness of balance 1n yaw

Stiffness of balance in side sway

Stiffness of balance and bridge in slde sway

Model length and 1i1ft force on strut
( Appendix B)

Amplitude of 1ift on strut
Amplitude of 1ift on strut per unit span
Total twoc dlmensional 1ift on strut

Unsteady 1ift coefficient corrected for
aspect ratio

Distance from center of balance to CBE,
positive 1f CB 1s forward

Pitch moment about CB

Stripwise mass of the displaced fluid TpR2
(Appendix A) and mass of model (Appendix B)

Mass of model and strut, respectively
Yaw mcment about CB
Amplitude of yaw moment

Hydrodynamlc yaw moment derivatives relative
to CB of model

Radius of circular cross section of model
Time

Wave perilod

Model or ship speed

Lateral and vertical orbital veloclties,
respectively

Values of v,w taken at center of cross section

Orthogonal cartesian coordinates fixed in
the model
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Distance from origin to bow
Distance from origin to stern
Displacement of masses my and my,
Side force

Amplitude of side force

Hydrodynamiec slide force derivatives relative
to CB of model

Amplitude of model oscillation in y direction
Heave force

Phase lag correctlon fcor offset between CB
and wave wire

Phase lag obtalined from records and distortion
of balance in yaw ( Appendix B)

Amplitude of distortion of balance in yaw
Phase lag correctlion due to electrical filters
Distortion of balance in y direction

Amplitude of §

Phase lag relative to wave helght at CB
of model

Phase lag of Xy and x , respectively

Wave helight at CB

Frequency of wave encounter

Heading angle

Argument of Theodorsen function, = 2Tb/A

Velocity potential a~d phase lag of 1ift
force on strut

Argument of Bessel functlons, = 27b cos 6/x

Distance from center of gravity to center of
bouyancy, positive if CB is forward

x1
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Mass density of water
Circular frequency of wave encounter

Ungoupled naturgl frequencles,
Wy = kl/ml’ wy® = ka,/m2
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ABSTRACT

A series of experiments, in whilch the forces and
moments acting on a slender, submerged body-of-revolution
moving under regular waves were measured, provided data to
verlfy theoretlcal predlctions of these forces and moments.
The measured and predicted regsults over a range of speeds,
headlng angles, and wave lengths agreed. The measured and
predlicted roll moments, acting on the same model but with a
conning tower, did not agree; however, the measured and pre-
dicted heave and side forces and the pitch and yaw moments
did agree.
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I. INTRODUCTION

In the development of optimum underwater vehicles,
increasing importance has been given to the prediction of
motions due to wave forces. In the past, these predictions
were attempted theoretically, and expressions for the forces
and moments acting on a spheroid moving obliquely under
regular waves were developed (reference 1). As a result of
choosing this simple model, the expressions for the forces
and moments were in closed form. However, the range of shapes
to which the results applied was limited. An extension to
more general shapes, using strip theory, provided more
practical results for the case of slender bodies in head seas.
An empirical correction factor applied to the theoretical
results provided agreement between theory and experiment.

This correction accounted for wave-body interactions. An
extension of Lagally's Theorem to unsteady flows provided

means for predicting the forces «md moments acting on a slender
body-of-revolution moving ooliquely under waves (reference 2).
Again using strip theory but including the wave-body inter-
actions, a method was found by which the forces due to added
masses of fins could be included with the prediction of forces
and moments on a slender body (reference 3). The results of
reference 3 agree with those of reference 2.

Previous experimental investigations were for head
seas only. These results did not provide information for
the oblique seas case. Therefore, a series of experiments
was conducted with a slender body-of-revolution at various
heading angles and several forward speeds and wave lengths.
Measurements of the magnitude and phase of the heave and side
force and the yaw and pitch moment which acted on the model
showed good agreement with the values predicted by the theory




in reference 3. In another serles of tests, a conning tower
was attached to the model. The measured roll moment showed
poor agreement wlth the theory; however, the other measured
forces and moments showed good agreement with theory.
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IT. EXPERIMENTAL SETUP

A. APPARATUS

The experiments were performed in the Seakeeping
Facllity (Figure 1) described 1n reference 4.

1. Model

A series-58 Hull was used in all tests. This
famlly cof bodies-of-revolution 1is descrlbed in reference 5.
The model dimensions are given in Table I. The afterportion
of the model was altered by cutting off the last three inches
to accomodate the sting. Tne effect of this change was
neglected; the model length used 1n all calculations was
4,5 feet. For the calculation of the inertial properties of
the model, the water contalned in the free-flooding cavities
within the model was assumed to move rigidly with the model.
The conning tower was an airfoll-shaped fin with a chord
length of 0.45 foot and a span of 0.293 foot with the leading
edge 1.27 feet aft of the bow.

2e Sting, Carriage, and Bridge

A sting, connected to a falred vertical strut,
supported the model. The strut was supported from a carriage
running on a rail beneath the truss-type bridge that spanned
the tank. The angle of the bridge relative to the wave crests
was adjustable. An internal balance between the sting and
model measured the desired forces and moments (Figure 2).

3. Preliminary Tests

A Preliminary tests of thls apparatus indicated two
difficulties. The vlibrations caused by the rolling carriage
wheels and other extraneous sources completely obscured the
desired outputs from the balance. In addition, the flexibility



of the supporting structure permitted appreclable vertical
and horizontal motions of the model. The resulting dynamic
and hydrodynamic effects could not be neglected.

Supports extending to the walls and celling trusses
of the bullding decreased the vertical osclllations of the

bridge conslderably, but the horizontal motion remained. Much

of this motion was due to flexlbllity in the brldge-rail-
carrlage system and could not be reduced easily.

4, Instrumentation

The transducers used as sensling elements 1n the
balance were Schaevitz linear differential transformers.

To provide the necessary Information to correct
for dynamic effects, accelerometers 1lnstalled at the center-
of-gravity of the model measured the horizontal and vertical
accelerations. Low-pass fllters reduced the nolise 1in the
outputs of the Schaevitz gages and the accelerometers.

A reslstance wave-wire supported from the carriage
at a known distance ahead of the model measured the wave
height,.

The five filtered outputs from the balance, the
two filtered outputs from the accelerometers, and the
unfiltered wave-wire output were recorded (Figure 3).

B. CALIBRATION

1. Flilters

A slnusoldal signal was fed into the primary
terminals of elght transformers. The outputs from the
secondaries of seven of these transformers were fed into the
recorder, each through 1ts own filter. The output of the
elghth transformer was put directly into channel eight of the
recorder. In this way, eight signals from a single source
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were recorded slmultaneously, with and without the effect of
the filters, under the same electrical conditions as used in
the experiments (Figure 4). The attenuation and phase shift
of each channel, relative to the unfiltered one (channel
elght), obtained at several input frequenciles covering the
range anticipated gave the Information necessary to correct
for the electrical attenuation and phase shlft due to the
filters. The filters effectively suppressed high-frequency
nolse and passed the desired signal, which was in the range
0.6 to 2.5 cycles per second. Spot checks with differing
amplitudes of the common Input slgnal gave no difference 1n
the results.

2. Accelerometers

The accelerometers were mounted on beam as shown
in Figure 4. The beam was oscillated at a known amplitude
and at several frequencles and the accelerometer outputs were
passed through filters and into the recorder. The amplilitude
and frequency of the recorded signal were plotted agalnst the
amplitude of the acceleration at the accelerometer. Correct-
ing for the fillter attenuation at each frequency gave a linear
calibration curve,

3. Wave-Wire

The unflltered output from the resistance wave-wire
was recorded on channel eight of the recorder. After record-
Ing a zero posltion, the wave-wirs was moved known distances

to elther side of the zero position to obtain the calibration
curve.

4, Balance

An initial check of the balance characteristics
while they were mounted in the model but in alr showed that
the cross coupling among the force and moment components was
negligible and that each component was linear. An extensive
calibration was then done in air.




C. TEST PROCEDURE

Tests were made over a range of speeds, wave
lengths, and heading angles (Table II). In addition, Table II
shows the frequencies of encounter (nc) for each condition as
given by the relation

_Vcos 6+ ¢ (1)
A
where V = speed of advance of the model
6 = headlng angle relative to wave direction
¢ = wave speed
A = wave length.

MNe

Each day's testing began and ended with a callbration of the
balance and wave wire. The bridge was moved to give the
desired heading angle and then was braced as described pre-
viously. To get the desired wave length, the perliod of the
wave-maker was set at the desired value (Tw) glven by

_ 2TA
T, =y E (2)

where g 1s the gravitational constant. The corresponding
wave speeds were found from

c ?/§;- (3)

For wave-length/body-length ratios of 1.0 and 1.5, the wave
amplitude was set at 1/20 of the wave length. At the longer
wave lengths, smaller amplitudes were used so as not to
stress the wavemaking equipment.

A constant-speed electric motor drove the carrlage
through a gear and pulley system. The gear ratio and pulley
radius were adjustable to give a range of speeds in dlscrete
steps of varying slze.

Starting the model as soon as the regular wave train
was established over the course of the test minimized the
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interference of the wave system reflected from the beach.

The zero speed tests were made wlth the model near the middle
of the tank; the beam sea tests were made across the middle
of the tank. Thus, the tests were usually completed before
the reflected wave reached the model.

After each run, the model was returned to the
starting position and the next speed was set. Thils procedure
was repeated wilth the conning tower attached.

D. DATA REDUCTION

Analysis of the experimental data gave the magniltude
and phase angle of the forces and moments actlng on the model,

Five or six cycles from each run were chosen and
the data reported were the values averaged over this segment.
The frequency of encounter determined from the recorded wave
height agreed with the values given in Table II. The wave
helght was obtalned from this record using the calibration
curve described previously. Similarly, the magnitudes of the
forces and moments were computed from the corresponding records
and calibration rates. In addition, the force and moment
magnitudes were corrected for the filter attenuation at the
frequency of encounter according to the following relation:

tape magnltude x

calilbration rate _
Filter attenuation ~ Lorce magnltude (4)
These results divided by the wave amplitude gave force per
unlt wave amplitude. The factor dC corrected for minor
varlations in depth of submergence and was given by

n
q eXp (- _27\—12 h2) ( )
c - 21D 5
exp (- == h,)
where D = maximum model diameter,
hl = depth of submergence for each test, and
h2 = common depth of submergence = 2,5D,
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The predicted values of force and moment per unit
wave amplitude were computed for a depth of 2.5 model dliameters
by taking the product of the results of equations 4 and 5
dlvided by the correspondling wave amplitudes.

The phase angle (B) between the maximum recorded
force and the recorded wave-crest was taken from the record
for each component. This value was corrected for the phase
shlft due to the filter (7) at the frequency of encounter
and for the phase difference between the wave-height at the
wave-wire and the wave-helght above the center-of-buoyancy
(CB) of the model (a). The latter correction may be found
from the relation:

a = % (360°) cos 6 (6)

where d 1s the distance from the wave-wire to the CB, The
desired phase angle (e) between the force maximum at CB and
the time at which a wave-crest is over the CB was then found
from

e =B - (a +v) (7)

A vector dlagram in Figure 5 shows the phase relatlons which,
in general, were found throughout the investigation. Also
shown in Figure 5 1s a phase correction (6) due to dynamic
effects,




IIT1. DISCUSSION OF RESULTS

A, VERTICAL PLANE

The measured heave force and pltching moment magni-
tudes were corrected to 2.5 diameters submergence (Figures 6
through 13). The corresponding phase angles are shown in
Figures 29 through 36. The scatter and inconsistencies in
these results are indicative of the inadequacies of the
experimental setup. Most of the scatter in the vertical plane
results is due to poor measurement of the wave-heigiht. Other-
wise, these measurements are considered dependable.

No differences were found in the measurements with
and wlthout the conning tower.

B. HORIZONTAL PLANE

1. Dynamic Effects

In the theoretical analysis, the model was constralned
to move in a straisht 1ine at constant speed. The flexibility
of the supporting structure In the experiments caused the
model to oscillate slightly In response to periodic wave
forces. An investigation was made of the effect of this
motion on the measured forces and moments.,

The natural frequencies of the apparatus for all
rotations of the model and for vertical translation of the
model were sufficiently high; therefore, corrections for
dynamlic effects were neglected. The natural frequency in
vertical translation was about 10 cps, and the natural
frequency in roll was about 20 cps. The largest frequency of

e o sr———,




encounter was 2.38 cps which was less than 1/4 of the lowest
of these natural frequencies and resulted 1in a magnification
factor In the measured force of less than 2 percent.

However, the horlzontal motion of the model-strut-
carriage mass with the elastic support of the rall and bridge
acting as a spring had a natural frequency of about 2.4 cps.
At short wave lengths and high speeds, the magnifilcation of

lateral effects due to resonance was, therefore, not negligible.

The derivation of the corrections for thls dynamic response

1s discussed in Appendix B. Several corrected values are
plotted in Figure 16 (the flagged points) for the side force
and Figure 19 for the yaw moment, as examples of these results.
This correction was less than 10 percent of the measured
values for the side force magnitude and 5 degrees for the
phase lag for 90 percent of the data. The moment corrections
are less than those for the side force. These corrections

are based on crude guesses of the worst possible conditlons.

2. Wilthout Conning Tower

A sinusoidal curve was visually failred through the
data at the wave encounter frequency from which the measure-
ments of the magnitude and phase angle of the slde force and
yaw moment were obtained. The resulting loss in accuracy
caused the lincreased scatter, particularly in the phase angles
when compared with the data for the vertical plane.

3. With Conning Tower

The contribution of the force on the conning tower
to the force on the body 1n the horizontal plane was not
large; therefore, significant changes in the side force and
yaw moment were not observed.

The roll moment, however, was entlirely due to the
force on the conning tower, The roll moment magnitudes are
shown in Figures 26 through 28 and the phase lags in Figures
49 through 51.

10
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The analysls of the roll moment data was hampered
by the same dynamic effects as the side force and yaw moment.
However, for the roll, the dynamic magnification due to
resonance was negligible since the natural frequency of
osclllation in roll of the model was about 20 cps. There
still remains the effect of the transverse osclllatory
motion of the model at the frequency of wave encounter and at
the natural frequency of transverse oscillations. Due to the
smaller magnitude of the roll moments, the relative error
introduced by the transverse oscillations caused greater
scatter and more inaccuracy in this component. Again, a
sinusoldal curve was falred through the record at the fre-
quency of wave encounter resulting in the same loss in
accuracy mentioned previously.

11




Iv. COMPARISON WITH THEORY

Considering the loss in accuracy due to the poocr
wave-helght measurement and due to dynamic effects, the
agreement between theoretical and experimental results 1s
good. The discrepancies may be due to poor experimental
conditions as well as to inaccuracles in the theory.

The measured heave force and pitch moment magnitudes
and phase lag show good agreement with theory at the large
wave-lengths. At short wave-lengths a discrepancy in the
phase angle 1s evlident. Thls discrepancy may be due to the
assumptions involved 1n slender-body theory, which would not
be approprlate at small wave lengths. The theoretical and
experimental magnitudes are 1n good agreement at short wave-
lengths.

The side force and yaw moment magnitudes and phases
indicate that the same conclusions apply. Agreement between
theory and experiment 1s good for magnitudes and phase lag
at the long wave-lengthgs but at short wave-lengths, slender-
body-theory apparently does not give an accurate prediction
of the phase angle. The experimental and theoretical magni-
tudes are 1n good agreement at short wave-lengths.

The discrepancy between the measured roll moment
magnitudes and the corresponding predicted values, 1is largely
due to the transverse osclllations of the model. However, a
cursory investigation showed that better agreement was obtained
using the following correctlions to the theory. First, the
wave orbital velocity at the midspan of the conning tower
was used to calculate the roll moment. The theory presented
in reference 3 uses the velocity at the centerline of the
model. The varlatlon of the wave orbltal veloclty with depth

13




is shown 1n Figure 52. The corrected roll moment magnitudes
are shown as dashed lines 1n Figures 26 through 28. At each
headlng better agreement between the corrected theory and
experiment 1s achieved at higher speeds, whereas, at zero
speed, the orlginal good agreement 18 now poor. Secondly,
the theoretical roll moment at zero speed 1s calculated on

the basis of two-dimensional theory. At zero speed, the roll
moment is glven by:

_ ov
L = zo m 3%

where, z, distance from x~axls to mlidspan of connlng tower,

m

g% = normal component of orbltal acceleration near the
conning tower,

added mass of conning tower,

A better approximation for m than that used in the theoury of
reference 3 might be

2
'“’6—'3—2%' b (8)
Tzt o2

from reference 6, In this equation

It

P density of fluid

a semi~-chord length

b = seml span

The factor of 2 in equation 8 was included to account for the
presence of the body. The zero speed roll moment magnitude
calculated with this value of added mass 1s shown in Figures
26 through 28 as a dash-dot line. The original good agree-
ment between theory and experiment is agaln realized with this
correction. The magnitude of this correctlon decreases as
speed increases since the contributlon to the total force on
the conning tower of added mass effects decreases.

14
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These corrections are discussed here to indlcate
possible approaches to a more exact theory. It 1s not intended
that these corrections should be included with future theo-
retical computations based on the theory in reference 3. If

more exact theoretical results are deslred a more exact theory
1s needed.

15




V. CONCLUSIONS

The flexiblllty of the model supports caused con-
siderable hash and some dynamlc effects, which accounts for
much of the scatter In the plotted data, especially 1in the
horizontal plane. Nevertheless, the theory developed in
reference 3 predlcts with reasonable accuracy the forces
and moments acting on a slender body moving obliquely under
regular waves.

Two conslistent discrepancles were found. The
measured phase lags for all forces and moments at the
90-degree heading angle exceeded the computed values at all
speeds. Thls discrepancy diminished as the wave length

increased and at the highest wave length the phase lags agreed
with theory 1n all cases tested. Secondly, the measured roll
moment magnlitudes do not agree with the theory at the higher

speeds. Both of these discrepancies are indicative of the
inadequacles of slender-body-theory.
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TABLE I: MODEL CHARACTERISTICS

Length-diameter ratio

Length

Maximum diameter

Maximum cross sectional area
Wetted surface

Projected area

Volume

Prismatic coefficlent

Weight 1n air

Buoyant force minus weight in water
LCB aft of bow

LCG aft of bow

Center-of-balance aft of bow

21

7.34

4,5 feet
0.613 feet
0.295 feet?
6.366 feet?
1.999 feet?
0.797 feet®
0.600

21,0 pounds
28.7 pounds
2.005 feet
2.047 feet
2.671 feet




TABLE II: TEST CONDITIONS AND FREQUENCY
OF ENCOUNTER ( CYCLES PER SECOND)

HEADING ANGLE 6 (degrees)

v
ﬁég (ft/sec) 0 30 60 90
1.0 0 1,055 1.055 1.055 1.055
2,02 1.504 1,444 1.280 1.055
3.96 1,936 1.818 1.496 1.055
5.95 2.378 2,201 1,717 1.055
1.5 0 .895 .895 .895 .895
2.02 1.219 1,176 1.058 .895
3.96 1.530 1.445 1.213 .895
5.95 1.848 1.720 1,372 .895
2.0 0 LTU46 LTU6 .T46 .T46
2.02 0.970 0.940 0.858 .T46
3.96 1,186 1.127 0.966 LTU6
5.95 1.407 1.318 1.076 .T46
2.5 0 668 .668 668 .668
2.02 0.848 0.824 0.758 .668
3.96 1.020 0.973 0.844 .668
5.95 1.197 1.126 0.933 .668

23




TABLE III:

WAVE SPEEDS

A
(feet)

4,5

6.75

9.0
11.25

25

c
(ft/sec)

b.75
5.60
6.71
7.52




FIG.

R-808

O o
. - 1
4 .
ONIdS __°
ONIONYIVE
« -

SON YNVL
NOILVTIVLSNI ONIdIINV3IS
1334 40 39S 1 34¥N9I4
s N 13 z H 0
*.l[ 0-64
......-.. .J.d ° D. v .ld..A.- v. & b.

- Tvy 39VIBEvD

4

” . I

NHINIDOI
3svisnrav

— e

-~ . N = ree

A

= \...,.
7\
>,

VAVAVAYAY

x5 1. wao ] -

w7
21LvWNING
- J\ LT~ YD
! .ﬁ;. ONIONY TV 8
¥3ONNTY \\ﬁ //\.rw\
NVO3 2115V 1d »\\
/\
I—
== = = =
Aol e oiin = e -
= : \ .,... - ;
i\ /
i
/
[\
\ !
» /
/4 171 /L
390148
<8




FIG. 2

R-808

SNLVYVAdV TVINIWIH3IX3

‘e 3¥n9ld

/ 26¢ ;
! v
300N —Oov's ~ #LESI 1 000§ —————————f
—
U3MOL ONINNOD (|
TR =
34IM 3AVM
L
| .
1__ _' V1YYV ——— HYY
&) L . ||
\ 5 = ON—-C)




7 . , , T T T
3R T . [ ~ q | ‘ “ A ! m | h
e e . SN SUUUE GUSH SR SR SRS ST I b ; | m ! | A e , .
% | . Ll L | [Redviake] |
o > | ! w T % R A R B I lamod !
el - : :“ W e ! w o : ol “ 1 YILEWN- “ w
- - | | ! : i : ¢ t | !
= e e e e e e L L T R
¥ i A h “ ; | : | Q : :
L I ST DR U B i : co ” “ b h ; _ _ |
HE " ﬂ 1 “ M i ; _ W , | , . | i ! | ! i
I | - + !.*_..lo ’ R ; ik el RE R s b .A. v - e .thTJ-IIM.!.l
ERNEREN RS N w R
A T | A W | . | 30hvg |
H || A HALINdWY ! &:E m _3omva b L
i B i i B LGS Sl na _ _ | zuindvhps |
- IR L -v_. N N S ] - m EM).KQ “mu_mm U - . m ﬂ
= . i | ] m | _ , : L i | | ,
Im1!~ S E SN IU T :@., i % “ oo W L i ~.m i L
u | | | _ _ , Lo I T i T S
= ; j 1 , TTTE TINNVHY . T T
- [ m : _ ' i _ ! . . | 1 o
tr] RNl i S B S R TI B i e 4 P m i T _ A M i
9 _ _ SN PSS SN RN U (OO TS S S I __- | w e
g ST B | _ sogrmosd |||
zmm N 1o @ P ” | P “ mm?OL L
= A . w : : - _xz_fw- mo e e L_l* T
o : N | . : : R A Lo _
Y 1 S i j “ N e ;_!-.7 M e I _ “ . _ T
: , SR t ! ! i : i A _
: T B 4 , . “ ! i “ | j | ;
S 1.0 : j LA i e et + ]
> T N ) N M . . | | 1 X
m S Ay R A HREANY | L ] doryInconaa N TETE TR RIS S YT O O =L LTI
” . e ik edd WY ¥IATH “ ' d3isi00k , 3inmln | | ] ZpinBvHps |
- : o1 —LRUAA0N g IHHPD | ,
i g s ” : | M ! ! q ! ) :M.A _ f“
L ] =+ el L ' - - , . i , * ! _ i :
e ‘ o P o ! | 4. M N I _ L _
0L SR R SOy M o ;, 3 w _ ! h S A A m Ma ” |
o COPTTT T L D T Z HYNOHHE T STTINNVE ﬂ. ]
5= N | I O S T T I R T ERURSS (R S NS0 S SO S S
. , | i : . ' : ) “ _ \ , |
m : FEHES TN RN SO T S T T .*, m ool W Co i I . . :
T AR EIt _ ! _ I N : . m _ u : .
Holie] i “ “ i 1 M A : _ : | S .

AT
_u,:. Lo

p o
10X 1
B3 4

AR LA

KEMET 6 §7R00 ¢ ¢
1O IHE 3
v

-

THACH

1,

ne

]

aroLe



T {a 1 T ? T 7 M
R | | w | | i | o R . | w
e S R M :#i — ; : W N ; - * n _ o s
. ) ! ; ' J . m : .
—- | h : : PO
K- i i N. | ! : : M
Bk A A e P s s M
e ! ! ] — . !
: ' * . i T T i R
e S R e S S Sl Bt | EM3LT
' ; ! i }
~ + u.llll,_,)nulx.AL e — JURSEU WS SRR S, + - - [ S + i
i ! . { . | ,
" ’ _, ! ! :
L R .

I
|

e e et

'

T

I - -Jr«..< -

|

BEAM
L

4+

Geed

LATING

!

Lu i

to i

TR

Ny : 1

- .

5 B I !

k1

(>

I

R
i

. i

RN
l

st1

ot

'
'
1

b~

e _“ P
S S

%EDXUJml\ ' FU S N . ! o

|

- —
J

T

i

PP S T A

‘ i
,

§ e
! : 1
. . ) ; !
! ! . i ‘ : .
R UGG QU RGN PG S
, 1 1 b=t
' ! . i .
i . N t
i

‘..;T,_l

'I.::: L

t

R _ :
T - - - ]
- xl - L ; J—t—]

80R |

R

B s i i e e

i

——

T

+

|
!

—_
)
|
|

L
|
' i

bom e o s e -

W e WE R E T OF 2O T X i

B = N ey g s A 2" Siica
) s 10 VRO LHE e MTH e oL e




R~ 808

PHASE DIAGRAM

WAVE HEIGHT

-
-

P o e e men nm

AT C.B.

FORCE ON BALANCE

INERTIAL CORRECTIONS

WAVE FORCE ON BALANCE

|

FiG. 8




o
1
|

' i * . 7 .
! U t -
beomh e S IR R, R
_ . - ' +
: x ” 5 vor e
, i : I
Am? S R —4-5- s
i ; . i 4 ! ~
« . . _4 " -4 ]
b - -1 i
S S N
i ! _ |
' m ’ 4 t
: - Lo dere i
' ! _ b ) m
m N ' H . w. . @ - i - +
i | _ , i -03¢/44 50, o|N
TTEITSle _ | 038 /44 2 1 |
...I-. “N ' B . B . ] ._l
2 o= ! | 03$ /14 b
.in{ 0~ D - . . L T T I - - -Gt Voo
> d _ | 53§/44 9= Al ] F
.RN Ir w ' ‘ , . ' . ' . Y - *
- I _ ; _ . : P
E_ G— hn - + - - . - — n._dogll.)
w2 | | 1772
SENTERS w . | _ ] ,
L. ! ' t A s
! _0 - — - . ! 4 - . 4 - —
T - - ) . _ —1-0&
D9 w! ! . . ! .
R_ V.M \ | ' “ . ,A _ “ ]
L —— - _T - g - - - vhﬁi R - ,, p :
TREEE 3 : : u i
——— v + ] N -y “
m . ' . 1 { '

: G2 oo
. . . AHOPHL v

etk Lo L s
R Tt ] t .
. ) .

AV
[+ ]

!
L C - A | . . _ ” 08S/14 i66°G
- . o - Jas/id'e6'c .0 , 1 .

T

'
'
1
'
)
!
.
«
|

)

t

J

L S _ . . oBs/i4 20"z @

_ 03s/14 0 o AN3IMI¥34X3 .

R - 808

i

o - | LT . ERETTTER W } ;
. _ . 1 " H b 4,




_ _ T , 4 * T ! 4 . | .
. M T A o
~. i ! ' ' H [ [ » ' i N ) ; \
I S A o b §'2 ] : WFN , 1 S _}_ | . . OO . -]
.. ! __ | L : T AR | m .
Zol d . . [ | .. - S “ . t- ] . 1 | ! R
ol | _ M m ! | ; _ . _ /) : :
Ok - s et T R SR !.ﬁt-.i&,: Ao e * - CTot Co - -
= | ; . . h _ w | M _ “ ; J ,
nﬂ o R R ]
| SRS S N e e e A e e e e —— . A T U Q7 I - -
E T T AT
TaETTT . : - ! : ' ' ! i . .
. N TR e b ST P Coo T Lo
IR I I T A T | . ,
. M.Em !NT@& ' R ﬁ __ : ! i ., 4
NV_ E. ' N i [l . ' \ : . + i ) -
fllt<6 - .ULKN.I.;. i S el b e - b = - e e s R .- lvé¢z . -
g, lq: ; i ! | , ; A | ! ! _
2! < ; i ! n : _ | ‘ . : - m
il R i ' ; ! : \ ' »' 1 ¢ t
R R w | M ! m | ; . 038714 10 ,_ 1 oN
U S D+ et — - - .‘ S .t mee m e 4 - Xw. - L. . - — T ” -
o , @ M A ! | | 03§ /44 '2 7 ,
2w s H. | v “ 8 , r ! _ f 1 e
WJ '@ = o m | | : A . 038744 ¢
il e eI e e e R L e Cb S O RN RS S T SO K- BRI
' ! H ) ‘ ! . 2 ' r~
B EiT m | | , | ” ‘_ 4 1 5
L e} e S PO, e . o - L. .- A4 . [ RN .- d f e —
SRS T T e Sy ﬁ |2
T Se H “ : ' : /o : : _
| | | . \ ! )
e S - - F - - Hoe -+ -
) o ; @ | g/ : . 1 |
T >q ! © v N ” | __ . : - !
(.l.t0< 5L e e e — - . .“ . & < - .- m .APO f . - e e 4 . - .- .- 1
w ! ] i : 1
P = ' : 4 v ; \ ! | , : .
o : L C : : : ' _ m ! ! ! |
. —— * . .“l|1 -MYI : V!!b.‘ “ ,,,,,, i ) D. -~ : T . . . i i g2 - .
> ! _ , ; | p ” : ; _ — ——t ! AMOBHL
T| A ‘ ' " b — ! H . * : + 4
I w ! ! | _ 23s/14 '§6°¢ A ! ] ,
R R . e e - - —_ . . . . . $ . . —_
T _ _ ohs/14 96t D w ] '
® - ~ ! : .
= ! . . _ 9BS/14 20°2 ¥ _ o¢
h_n i “ “ 5938/14 © o IN3IWIN3IEXI | .
. . m ON393N ;
e H < N I n

N A




| _ , W ! T 4
. ! , : N ' i ! ] ;v ' T
o | | m ! D ain P R ¢ j _ ! _ ! ﬁ
: . . . f . : ¢ ' 4 H . | .
T T e €2 : 02 . N to ol i Pog _ Sl
S , | T T 1 _ k  $ | 9 |
T fon R _ | | Doy | Ny A
s { ' : ! | : | { -4 1 .~ . _ . “ | 4 '
= 4= T . “ ” : ; , ; L o Y
“U. 4 : ! 11_, o U‘ I P - = .*1 - - - ce e “ .\\ : : h _ i
3 R : : ' ; ) ’ ! t . , AlEY /7 cinians Bt R e Ay ———— 4
.,.A.n.w.L | ; ' ! ! H : ! , , ~ \\ | _ ] _
H ' ' | N i * i - o4 v
ALL_ - - - _ ' . ' : . . ' ; ! E |
P_ M TUToTm oo S S A R b \# “ i St
- E L : | M ! M ; _ ..w, | B,//A S S s A et
-« = _ . , . N . . Lo . i . " . P
ST SN S A , : ; , * : 1 )
B S T R R RS S Lo | * A Lo
S , : : 4 _ BSOS Y [RPSUI I SN
Cowl oz SR | . | “ “ o O : T T
2 Swe P _m | o * o T RIRRT R o
& B JI ; BURES SO U SR ; \ , .
: _ ' A . ! , _ ' 1 ! - e S .+y»l halaig .-.tx-oll.+ e ||+ 00’«.o| IUUR B | ) i
== T S | ! ! o ! P T .M,.J.t!éT-Tt:
e -8 ; i ‘ i “ ; \ A‘ SRR R . P i
R~ N S IR . . ! _ | . ﬁ PRI IRE I SR ‘-
Nl 90 ! T R T IR S T A S T .i_.l @ \ uwW\ o . U_Z
1 S R S A T S R S A 77,/ S0 210, 4 {1 BN ]
- - D= R A _ Lo p ouu\.t e T !
TIL.ML.,B s 8. . _ S S w H S i.
' R - S :_r.if-ql!-.-L_ln T O IR o oww \.nu v ] !
tad X W w b ' r—t— -t =&t -t -
N_l IR R _ . o m o < omw\ 9 = ._f : Mﬁ..
b — S S S e . : . . . ‘ v L T e ] ‘ 8 .-
dﬂ.wv T T e S e _...I.»!l R RSN S i M S w/M
S TY S SRR _ g _ o “ bogP 7 .-1-143 B U D S A B
. “ J,0 . r . p@; N R T m ; ‘ 1 m “I.
, o, " , ! ‘ ! ! SR - R
B e A et . T . v e
. ' ; : : ' oo . ]
et S TY S SV ; P v ! e A i I i i flntes - £ sl
R 4 A o * o . 1 . _ | . | ;
u v_A : i e w ' ! | ] ! . 4 M 4 m
T - 4e- i : — i & T _ — " ! 4 v )
f Ve i o 1 ttTTTT !. N e DOSSUEY AR S SN S S
- i L e A T A
“ 1 O b dod g
i I St B AI.T T 4. i . ! ' N j
- i | ! i : T . o3 } |
| : ol . eman el EECLUT B BRI
. . . _ ~ S ops/14is6'¢ la | i I
> , | Tl e e R A O O
o “ B ; ; | _. obs/u4 lseic | o _ {7
3 ! _ " L ! g —_— AT R
P e e e - S o : b | obss1a 2o v | | 1 00
o ! ! u | : ! T - et - . ]
- : “ __ | : ! i |opssid o o IN3INIMIEX3 A S
i ) : : ' ' 1 *t . .
, [ . , | 'ON3B3T . I
. . L " A . | 4
[T
A— o ..
L2 —_— | — Antu— e AW S
_— L —— - [~ Y




1

DE
I oA _T__ .

IAMPLITU

1

ave

Y
b

oo e

HEADING,

HEPE T

UNIT| W

i
!
el
e
. LENGTH ¢ BODY

|

AER

T
{
i

b —

RCE =
|

'FORT
WAVE

'
'
oy -

HEAVE

N

=t

1

BT T
m——

.- .._',\___.._-.._4._ R
.
[ R TR T

it mm em——ee -

.- -

i
'

1
'

AT 90 °

'
4

53§ /44
- A.v,ll".

038 /44
D3§ /44 b

ou%\huwo“ A

+ e

i
i

ER

<+
+

1.
)
t

23S /14 |66

JBs/a4 |96°

2fs/14 i20°2

alal>

o ANIWIEIUXI

umm\bu o

¥

1

oN3931

i
i

=
a

-4

S




o Lﬁ-..-

e
i

e boe v o e
FE TN A

: ::ﬁtzﬂﬁa-gi; %

cd

T ;
oy SR S
p | L ] q- W il
N0 RO IO SEEE LTI | | 1 , T M Bl
S R ! e N I : s . . 4
l“..*qw.i',!*.lﬁ St ARSI Sefas Sl .-M”x..ﬁnxf S SN A m. - : S IRt St e {LM l,qi.ml_ -
[ R , w S ;. ! i ! k . . i
N R mll. : T T + Anlx.%u . m 2 RE T
—-- 4--41\*..- Teree b b e ] S 177/ & B mass SORSEGREN ennaliie- LI e Hee
: J BN g . : oy ooy b ' :
T ) : RE v T _ “ifw._r.,l..”.m‘mt. T
. ! ; . ! ; e ! R N ! o
R s tam et SURT DRI FECSRITE DURREIES ey afi Teat U SRR SEPSR SRS 8 \2,. B B Tt L e e R
| : : ﬁ . . S | | ! N A
) .. _ . - SR A - L L . )
I . ] ! \ ! T 3 1
- wde- } w S SUUS S i s
| A A

| ¢} i T
b. ..' - ‘. ‘ . N
1 4

—— e

- -4

i
'

LENGTH

e ot —es

i
MENT
T "‘ V"’ﬁ'f‘f' -

‘AT [0

-
2
.

. .
: —t
10!
v
|

-l
Rl

- s . R
_% A 5 /S A
s SR IS T DL B R R K S . o ' ! . i)
T S A % R S b .r... ~ I v ..-M‘i.. . - T .
...... e e A A A A AN el s b e
B SNt N SRS S v 4. AL R RN B
b O NN UL IES0 525 SN NN O PPN SO L08 St . 4 Pag /a2 o L1 0 L
: i e DI$/44 [b 1. .
v ' ' H o

-t
*
1

+
B S R
N '

]
|
L

B Sae et o ._.":__.__.

(24787 L4

|
T

:
]
H
..-A...‘ ~ad.
i
e

10 “™n FI,[.OI —a L

=i St SRR RS EET R ~ b b T
— B < o - | .o.L-: , ' ..1|.r& . i Lo { ' ! : , .
.~ - «._7 : . 1_( . | : _ o ! X ! T f ' T o4
DM"M 3 : : : L i C % f ' ; . : : ; i Do N
308 St Tt S S Y R O P Bt A M SR T Rt M Et M T T T T T T T
A S » LA e ' ; _ ! T . ! L | [ 3N BAS I TR IS
gttt e M e e h - | -G
for m ' SR . R i Y it} - onfﬁz R PR PO R P
T e L S o S A S S NN S e e ety : e e T e e R T
LonE L ! o 7 ! ) i : 1 ! a3s/44 |S6'S a ! [ 1Y _ ..
N X ¥ 1 . ; SNCHUNS UGS SO SUUI SN WSS SN U NNNE S TR UUNY VR S S | dibet ; PSR ST £ QU KOENS NUUS W
= co b . Ly P i Cod opssad (98'c O o 5 5k B
} OO np: B *.4 -t + b ! .|R. - + ' :-. i -1 2! Ah‘ . - . A8 aliiiis X g . :.~ -t
C S P C Co i ! aps/u4 |zo‘z | v ;r 1971 V1
Bemtner S - = 4 g ...l.ﬁu:;llq} R e ,*-- Redaiind esasulBbent nitlh tevad sl t et - ¢ 0.%-!.59.{
SR b M b M o : ! ] T Ve o uw»\_pu ‘o o 4 ulru Xy . |
8 SR e T S _X.Lr.:l t«w ;. “ U S o ..:..*i _. L] chadodutubal o A PR SNN
! - ! ! . 1 1 ; : ' . i i 1 . . P .
T I N R i R g e = . .k R I O i
YIAYAFUE B
Fwomw KENCLIT W LRI Y LTI




=i
S
+7<
.
SRR A—

'
L]
L
i
o
S N
I
1

b
¥
t

e

]

|
-
!

!
|

Sy

i

UDE
!

T AT

- g

!
I}

+
B
1
!

]

i
I

L

!

%

|
T8

;

|

|

.o

AMPLA
T
S
i
i
;
a

.

— l*l-i.ﬁl..-w‘.lr.. T!.le-
i ) — .
. I R B - .
|
[
t
1
!
}
t

UsN&Tn |
i

FURRN SIS PN
~
ki
e

AVE

y
:
+
|
i
1
i
;
i
1

T T
{
P
4
i

A AR

A

D
Bl
)

UNYT W

v;é_ 6—&; |

i

NGT

. HE

ki

L B

g

M D‘@EN T
E

i

G

.’.

e

J

b

v

.!.
1

. plre

i
il

- e

ul
|

Yv—-—- v
H
b .
}
4+
|

i
i

D H
f- e ey — e e

- R+8CS

- - .

YrRYUFUE §
« 7 ¥= KENWREN @ €£431Y4 CO° wyrTren s ¥
.

S IC *=lO0 L} = WUCH - QB L= mem - ——




U I O B S A U Y :
! SEae + . i S L ! —_— -3 S e U S U
R . m * ¢'e m ole : gty | ” A 1
R LA LN
3 4 ! ! : . + . ‘ ' ' .
O i _, SRS T M e e Z
ww _ b T w “ o 3
T s S B e R -
- R e T T T R o AN N S S
Do et : Lo A : o - . :
m - ” -— lw - e — . * 1 e IAM - ! .ll“v : . mllllTl Iltlll.ﬁl.n.'t ‘I“A“l\i
- .4.p ; _ _ ' ﬂ ! Tflurl ,L N
SR T i 1
l..l..v..Alr..Xy.iH _.l.,«r.l S T o ﬁill b ullur!ﬁ. - LTI.I.]
' i .“! _ j m t
S ¢olw oo ‘ s *u
R I S ENEE
B e —+ -—t-et—+—
& o

u-f———d--
W

|

|

T
{

L
|
l
i
T‘l
¢
r
T4
'J

PO

{G

s
RE

‘e
- L_L.W _ _ - Tlﬁ S ;.?-.L,lw!Jl N RIS (SN UG O
....me%lcl i Sl e et R S B AR

......

!
|

|

]
o

|

j

L.
. _'F_-__
(1147¢

\
LEN
b.

|
b
|
[]
{
| . o
ISV TS N S S S !T e -.-qllf--i”rl#ll..!.., - ..u.!lH\»l.ul.. —— ]

! i | X .
e e - ...me .*.... .- ) s BT w‘. U,.t-. u.

St .}..1..4. et Bt —t— u ——r

. K ] “ Lo ~+—t h Auopui

. SRR B _ .
_ i

. ofu\pu_nmn
R R o*!ﬂ ohss14 'e8c

co m oBs/ud4 (202
i R

)
_
|

!uh.ll T\l - ¢T!IA..I.T!. b—— g
|
!
n

ia;
0 co | 1
- i ‘
! veo

i S S u

!
| _ | _ — ! S f . i |ops/udi o e Wameabe | | Lo
T AR e Ptk | , X I S B e ’ g Lol
_~ _ L h j — N SV SR ozmcm,_r ~ R B

v YU AS J\
»(\.,N‘ He P nEP O E T ety ‘W v N _
: 10! mweD LHI - CH —al- -




e > y—,
Ty

[« w

-1 —

S :
13 _

e

E

!

NGTH S
gl et Raaat Anhi i A R

-

Il
1

i

[
g\

4T

ST SR TG S SN

i
A —t -

12 Bl

_ﬂgﬁﬁﬁﬁr‘
i
|

800y |

TATGLE
-

|

i .
L
1

.

1

[ U SN

) i
} —— e e e

b o= w——— ¢ et g
' . 4

LA §
!

C v -

|
ME

_ RER.

[
J‘N?D
WAVE

t
-y -

LENGTH

| ,‘.,_m.m.w
~-03

<t

—b3
S

/34

I
o

|

T R

lJJ

744 |

fReE

ad a1

SRS S SO |

09§ /44 |

i

53—

B

m

]

!
e

!
S

i

!

i

O.rm\.rk :

uwm\hu 4

uwm\pu

-4

ot

IS S—




+ ———

o

= e ——

~N

PSS SRS DR

— = =

T
1 * ’
s 3
. _. |
R r ! .-

O o .— “ i . ! P ,. _ ;

FWE R S _ . : m : LR [ - N
! , : : L R
1 SN I SO S S w b 5 TN T N I I
; . : _ ; : ‘ ' T : ARt A P

:...-%w,v ”1! . f“ 0 | ” 1 i _ * ” m ' : ~ o J_n _ ﬂ

IR . : ' Y to : ey - . ¢ - “- .. R . PR ——
T AL N NN IR A . N 1
. S 5 S P SRS S5O U S — S
&l 7T T S A i S 7 R e e e A

S % SO R N _ . | R A . | D i 4 )
,A _H~ ! ) i M ! ; : ' o el ; T : _ SRR “: A

. TR SIS NSRS R S oo _ _ o , i -

MR 4 b i S .wt*“mlL o] ”'_.‘w _ _ SR S q
L mN.G“R : A | | _ v T N ' . * i SRR SRt R
2 My w8 S ,_ YN S S ; _
IR R T — X i St s S e -t A

N tw w“ m“ el SRSl B gk “ g \-\. w T 7 - E b :
i 8~ NN A P . ; | 3§/ I R
JHT_ M.ﬂe_mlﬂ . __ —_ w S B e e ,-_’Ll» - fﬂ ....nr...untlco- 1 %uﬂlL
| - ; f ! \ ; T f J ) . ; ' ! B ,

) Jw: ,?B“,m.,mw R w ’ _--- U ol e R Voo - MWM \hu ~N4 S A § R
; ; Q. z! ; ! . . P ! 38/14 | i
- T"v.ﬁl.“i_nlof qh - oﬁflq’l..,lLl.l.Tl -1 l.llx*olll lﬁ' -t *.l '11,4;14!‘4:.'014'1 — ’ h : P Y H
. ] e h ' i . . ) , “ —

xlqml,.“m_.cH._..cm . * : . ' ! S - b H - g -* . ,_ OU_\.h‘t “,Ou_ >_ ! 3 ..., n..

o ’ : : : ! . ' : - ] : ~
]l.lgi Iﬁm#n'ﬂll. + - — —— Jx - - .qlnliql.oc_‘ - - - + ﬁt.fl - - “. — .anl - _..l -—— % L“ —b- _ —— . .l..ll*» iLvl-.l&w...llL ..F..
CETTTZY e | , ] ~ u o ! | ! {71

— - . . A ; V. . * o i H ! P ;o i ~.;

SR Rt == - N O B SR S T AR I T T R S A il

e e SR ki el i o D 'T: ARt Rkt R - -3 -

W, B R A
o . vm ! ! ' _ s ! ) , ! ' i ' S b e T
[ i . L i : i ' , ! v | , :

P S OO SRS S SO U S SPUNY SVOUNS SO S SONOUE OO AP SO BN N _

e 1 T R A T R BRI 1 T —

S oo L N . a4 ‘ . ! . v i !
o AT TR 0 O O T OO AL OO A O A _m
s e S A e s s s TP

W L AU RUUU DR | ! I | —~+= | Awopms N
= R SR SR R S TR AR : , “ Tt

=S H NS AU NSNS R T ! : ; YIS/ 04 [S6°6 [ & % B T
i S ! ! " ! u ! « ! [ ohssislesc .o, S R

AR b [ V- - : ) , i ! i . ; 1 . i

e | ” , : f : P i ~ : ! b e + - SRR
A : Do m : U | obssaalzoz "o - 1as 1
i E e S S S RS S S B~y oyt o e Py PP R4 I

P U A I ) LY M KRN ELITEET

. ! ! : . | i ' : ) , ! v _ . t + ' i | -
M L 4 L i ' 1 ) N H n i . L’ _“ aNJ931 ._[ . M » |_y
CRYAEAF
L PETARET S E IS O LASTIE ]
B 107 2T ke T ArH L D) e




i e et ¥ v
R _ ,w ! ~ ! . ! T .
i e SR S R R SR P SR S o B 0 R A | o
b e L 8% 02 L jsu o oop b s ¢ '
Er e R RS R A R RN RN RSP
"E . : ! H | ! I : g 1. o ,. ‘;. h } /i ' p -
"..nw nLIL(!TS: s :_7«+l}-. i :Tl,r;!.“rlv.;.-l_. Y T B -. L ] ._ g m 4
S 5= NI SO NN SO B B Lo LT I | R
i [ % | SN S m i o R
7 E S A At i B Bl ety R Bt - . e e i
ST X IR S ST S S ﬁ ! ,_ ; _ .. — CTTTE |
A X A ! M _ B N .
+ . ‘ . +— ‘,yl'_r - ‘ ! ! -
3 Blw T R R A e ROt Skt Sl A h
‘laﬁr‘ld_.NIvth Mn* y.alrm .mn, . i i - _ ~ _. . ; ! ~ ) !
> “E O ! R _ S “ i ” , o _
IS T R C ™
il -3 : e
- iE| Jole! _
2l 8l
! _D -
q

HE

)
D

B
553..:: UNIT|
7

L
e
[ QG S

J

i
H

HOUT| C:ONNINIG

LR

-t

: -
i
|
!1
|

L LENGTH

i
[LE
60.°
I

E|

| o
1
b ‘
B
f_A -
|

. -] - )
. t !
ot - by Ey ‘ ! g
T a1 40 : 1
O ~=L ik antant st : Fowdi ; . _ : : P
Do BEatE 3 B * 1 | B e S e B e B
R T S R SR ; _ ! i ! oo T
T ] o T ! | ; A T
I A P L_w ~ Lo b_ _ o M
- L S S (. S S S TR SRS S i ; _ _
. ! i ! m i w i ﬂ H : t+ 11 + S
S SR B 4 - | S N A T | AMOBHLY |
N o N . , _ . i | i —r " . ‘ A S S
i hﬂ.ﬁn N lei-‘- .i,lxwif. o E n.w..L o , h u.mm\,f_ [s6's | a m i :
0| : ) : . : Themme . — o S
s R B N TR NE
(@R i ' H . 1 . ! . ' v +
R TR O S S S SR S T ! i ! ops/id izoz v | 7
T S T e B i R S o e e B B
' ] . ! . . ' . . - ‘ _ .
e et - : S : ! : L | ! ‘ o§s/i4 . 0. o .Lu:_cumxu, Co
4| “ _ « ; | | SR b — .
i | e N i 'aN3937 ; 0
A AL L 4

g il MEDE e U 8§ 221 ¢ b . e
.5wv-
i 190 7 3aH " M TR




RERNE w " T H * o ol 1 i
] - o * o .
RIS f i + o tA;l..I. T T
ST r g 1 ole
T T T T T . <
] H PR e !
170 S O N O P 5
Wiy b b : : b
e s B
T SN A RN TUCS SR S AR OO O N S S
o R LT
,, e - 1= :
& u | - ! ,
NETEE- S N S SR SO U500 COURE DR PR S D

A
o
!
t
!

.
R e

T
t

L

NAVE
-
._}. -

T-
ENG
GLE
ER))

oy

T
i

e
|

Tk

e

i
i
SRRESSNEYS B
§
D !
7 ¥
[
+
[}
-
-+ - -1

T
NG|

106
|
B 'T‘ Ces .
R
Pt

T
iyj
;s;,.

HE

H
|
C
) \
e -
. | ,
: * ﬂ | an
— + | - w, —
] \ . : { { : ) t ! . ! . b
lit"mt.... 1«_. P - * - g - m \ N N . — g . m . : ; | ]ﬂ 1 i o " B
W% | i b i b . ods/14 ic6'S | A | % I lﬁ -
I IO S S, SNSDUNS S S 8 SO SN Y U |- — iy NS SO
2 ; ; ooy ! ; - P owm\._.u _wn.n I I b v
e bl S A o - ! I S * b , ——t— { .
O Lo ! | _ v | _ i . | obssua | 2oz v P _
© H . : : i ! “ : ! ofF M
v e rem — § oo s e e o B - — B el e e S ey e R . + e
PEo " | 4» * | Co Ao T 9BS/ 14 ! Lo .* Jdx R
SRl St ' : ! w _ TV T oo : e...mcn.j4 i | _, A
R i ; | . i [ R ; ; R i

Y RYUFAF P
R A TOBF2 - LT

> - I%s) . WO LH ACH ~29L1 ...




!

T

T
'

]

R-¢ = - | ‘ . B | % . FIG. EI?
) Sl ! i : .
YAW!NG; MOMENT F*ER "]_UNlT' WANE AMP[..ITUDE L
' ‘ vs : L i
WAVE LENGTH / BODY UENGTH N L
AT 30 ° HEADING: AwGLE T i
| (WITHOUT CONNING = TOWER ) | ,
{
: et
! l '
: : ‘Od —12
B R A
r © .0 4. 49
~
Bin<g o 49
v "l" - -
A ~
- - -
vololo Vu-—-‘ ' o
wloiaiet | s
plejote s
I g
i ! - e
,,. L .
olaial® J '/(r ]
° aimla ! 0IU LV U
S . Wiw w ow.
& SO - - - R S ST R T
Cjlo|alOQ|> ! i NN NN
w . . = b
ol [ T i S
s T o A e O :
3 - o " .
. o >
3 I 1 s .= - Trees e e ;
x T , J ,
W + : : H . . | _
L_,‘,l [ T L PO S i PSS N J"L_LJ Lllll | IS N o.;__
o b ! ‘ ‘ : ‘
2 g 2 L e & ®
; ; ‘ i : ' i
- D T 17 yT Tt st el Sy K SRS
; : i B (.L,i/GW L:I) N ; ’ i [
: ! X A L 41 ; i A I




N P
- —- e . |.I._V:AA.
o T
1
L‘.L.., : . ; _k _ N ,
@ i oy b | T
Sod R B FRSORINES N RO SRR S
. ! J P !
P T b N o_ i
N - i ! i}
.c T .ﬂ ; t+
D ' i b ) .
R ot SO S0 S R IS -
3 t
+o—
i
!

o
]
+

R T

|

el
|

—T"

v

AMPL1

’I"‘ T

N
I
4

MGLE

-

WA

ENGTH

T-‘
A

| A

i
0

TOWER )

uNIT| W

—

;1;-;

R e anet

800Y
LA

| HE

NG
NING

4 -

ouT! Gos

- : ;, b : FOI B S, R

> q‘ ' y _ ' _ o ' ) m : -4 m 4141 ¢ -
e M (A [ e o iead SENUENERE Eob Rops SR - — e e . - Mx “f- I ‘%--.._.J\L_;.

T e -3 1 TN I I R S R A N O AR HENENREEEREN

A R R R R R R B P S B o e Py :
g - ET!IJ SO SN QNN EN ,f.+.-i*- v e d B R b, o oo dL g .

E| 2l T T | T Co L _ T D

e : , i ; ; i ; e i _ 1

+© : S an "~ anniin ieattebind = —omne e —— g e ol : S T —t et :
SR 1 Tl : i i 4 : “ oo i X : + ! T N W ﬂ
SEUREI.} SURER SN SUR IS SUDET SRV ST S S ST DU S U SR B TR ; N ! i i ! {
.,,m N . . w m ; . l.mv : ; | _. M ) - N .yvo. in ..v*n .Mt i panaa i T i ..onﬁl‘...n.ﬁl;Jl:*l.f
S 4 SRS S S0 i S S _ T P N : ; i : A. sl
g T I : S ] T “ 1 _ g I ik e
iz SRR R . | , - . —t " AUOPNL: L
3 o o T I A S B st St R IR I . n e T “ 2 B M attee S S
1 e o _ b ! i b P 3814 js6°'s | a' i 14 :

3 O S e e S iien aae L..i-;,»l,..li ,....Ll.m‘lz!.rvL... — . +— — q
® e d o 4 R S SR Lo | : ! ~. 1 uwntu 96'¢ g {1 .
o : : o : I N o I , , , 14 -
I W L N , v sps/ita |20z | | m .
Ly s B e e o SO EES S NP M wides T LA L loe |-
F2u I RS B A ] I ] uvn\f@ o o) samjuskxz] | _“

Co o Lo A T oo A B : alt R St BE

| EETS | i i | N S B * S S | o ke B M M , . {

HeE

YTavAFUE P
KENLRET P E°27r4€CO

10X 10 10 LHE Y (neH

aET YRFRIC)



[
-

¥
19’_«_‘
L
1

,..,_,,._,._:‘:
R
.
)

i

|

i

e

1

"

1

)

1

i
——

ot

i :
——— - —
—
-———

I
——

F|G..
s
bod

}
5
—_—
I
iy
!
H
i

- | : C
|L:|IT tLl..ai + .l.nalﬁlr be o e o

R e iR Eaehs sk o .

_-;..... _{_.: . _

|

|
+

1

[}

]
7

i

t

]

S :;._4_-_-

.

!
T

1

R RS P
I
-1
]
!

!

TAMPLITUDE
' t

gl

F
|
-_‘lL -
oo
I

a

!
Tﬁfgﬂ'e_
TOwW

i

{
-

il

dmas Rastecsndl ansth 008 Hoambietts

1
-l
!
|
|
l
i
i
_4~1y.... __'
P
B
R

gy

- .?'._.L.;
|
4
4

EA
NN
T
P
: 1
1 + -
RS
i
j
!
{._
!
T
1
1
—— ‘.————s——
T

!
10815 W
Taode
\DING

'

GTH

4

N

HE
CON
o
] e
foope
-
L.rL. L
s

CEl

'
ops/x4 izotz ‘v | .
28$/14 . O
,.‘ |

S
]
+
3

o

!
.
'
T
i
I3
+
!

o INIMIYIHKT
J b

v~

4--4

- -~ R ,.'AE,_
Lo - O .
HT.I et @ ot - o
-4 N ; _ I T T
8] AN | al ReE
. Tt ! B B o e e S e Rt
1 : ; | : ' . : . j | .
— Lo b Y S PO M S g SN S - H I SO S SN
M A WWF ‘ _ _” N » ! o : i T 1 : T |
e e g Ml E e e ! ; ; 53
I L DO I RN o —r——t i | awopwa] IV
YTy LT .m T . W B DU .,.ouwc e ,. ) N 4 ! - : ‘.)*‘!. T
o “z j " __ | 09s/44 [SE'S ia; _ 1 D
— - e T i St s Sl n : . : - -t
m w ol A o A_ on\.—..__mﬁn__am . | e
) BN ! 4_ | T
|
|

N
e

- -

1
“ozmou,.dw , ! m ,,

uy

-

e

vrRYUFNE @
VA @w KEMERED ¥ E4@14 CO° L1 AL EL B
-

a ic LD LF WUCH 201




1

20

!
12

e ]
e s
.

AMP

D e e
{
l
-1

|
.

' UE

|

1
OVE

i

————b e

'
t

P

—

NGLE,
ER) |

-'L‘
TOW

.
“wy P |
l!-!D«\, -o=emy ———re- - Y U
i R AN
| :
St A
IR 3 S .

NGTH
IH.,
i
t
i

B

f
I
‘_T_ -

!

B —

l

-

|
-t

i

!

i

INIT. WA

|
|
T

R
- Tt i
E FLENGTH

CE

e S

BOOY

e pem—e e

e

!
I

iCONNI

i

;AT 30°°  HEADING|

(Wi

.”uanr-Willt —

— PV PO

?H

e .‘.__,T_I ._‘ '_.-_.1_....4'..

. > ! . 1

SIS IO - 3 S SR S S * SRR V- :

ol ~E _ S ‘

A ., . b b ”

-1:1¢x+1..||-|J-xr;st|L¢sx.e. _ | | ! - ,

{ T : ,

Eq o ; i X - u . ] h‘O‘!F. . “

o] i i o§s/id4 .s6°s | a : X .
Iv!.‘w.k e ,IL.V.:_T..x‘.l. R TR SOV # ._ - b i !T‘ulwlll

!

a
obssa4l96'e . 0
28s/14 20°2 ©

-
!
.
!

R -808

! ” : aps/14 - 0 .0 REETETI R

4

R 1 ’ T . ' : ' . | T . ¥ H . 1
m L . ! L b ” . oN3931 | b m

1 H ; . N A : ; 4 . L A ; |

TR MEO R sk e

on— 10 Y “TH 22l




T
{-
b

———d .

AMPLITUDE:

| OR[N e

- . T

) ~ : oo
L o . - .
- ] ! h
‘o * ! L
Tt T M
ey A {

t

e w-

Y

!

1
_;:..‘-.‘___'_l;.; IR NS
AER JuNiT| Wav

|

!

(.
i

t

NN

GE
AVE

T

(

K
800
6|

ME ADINC

B
LENGTH

- TA

. e

r L od POPE + T
RS T
T Z S S Bl
TaEg e Tl
T R N

8O

:
*7. - v

PR
Tt

e
1
i
}
e
oot

|

CONNING | TOWER)

R i
—

SN BN S
- i

-

i

. o
. . <4
- T
. i M

Ji

%
I

T
%.

_,,:Lef

i WAV

] L

{

slok
!
-

@® -
!
} D0 e
[ .
5. SEUEN
m
& i

.-ad -

- e e i ——
. '

:
- _,._.._.1,._..7___4.
. 4
-4
1
i

]

) . .

. i

IR MU S S S

'

: . A
{ 4

Y S PPN N S

. T

S
'

$6°¢

dwopwii}

96'¢ , 0

v

4 -~ —

zo0°2

]

0 o) iNINju3Iux3

!
I
i
i

ON3D3T |

|
b

1
[
'
i

wmvﬁn

10

O UAH

YR UiUF P
KENS wd ™ W E2Z7" M D

T ACH

281



(147871 ¢

R -BO8 I L FIG. 22
: : . i e .
SIDE ' FORCE! .A__ﬂFB-.HNV'.TL_WAEVE } _LIT,UDE R
e z
WAVE . LENGTH / BODY L.ENGVH 1
AT 90 ° HEADING, ANGLE .
(WITH .cpN_nmg ~ TOWER)
’ .
Q9 o S ' o
o > T
1°
> t:lo<1 ~
l
U l
w
7]
~
- l
> 0 e T
o H 2
> J
~
~<
ololels! ) _o
21221 -
- I -
N [fe] ["s)
o o [+] (o]
PR B I Q
| &
ololaloipl ~
w - —~
4 - ('S
Z .
W i @0
E l,_l n
5 i g > \
a tw
» ! I
el U O N
L_.L_ i i 1 l Y S S § 41 i ;J*L 1 i i 1 l i A 1 l 1 1 i o
(@) 0 (@) Te] (@] 0 O
[22] N . N - -




S Caiton st
t

i
T
1
)
'
-
‘
[}
e
T
!
¢
-
o e
'
R
—~
i
i

e et e —-.4’_. -
|
o
€ ]
0
) i
.-.f,._'.-. ;.__.'L__
!
o
i
0,
-
e k. %
TR
e

i
l
1
4
B
r
N
T
!
—
!
!
i
H
!
:
1
I
i
{
4
L
{
!

N
i

—p e o -

: ot
AMPLH'UQE
}
R
- |
{
S ;
o YR
b
1
-
i-
i
)
\
J
‘
N

!
o
-+

!
1
{
'
t
*
i
-+
1

PR
PR

i
t

S
6

A

*1

—

!

-

|

¥ <

. g

M . .
' '

o .
' -

NIT|

E,

E

e
T ENS
LE

ER))

800Y - L
Ta

TO

P

i

O3

|

NING
i .
JUNEE SNDENSUURY SUR So
H .
SRS R N
§ S—

I
1

1% RN
e v
bl
NT

: §

1

J

|
L
O l
- & . : LR PR
D O , ‘ “ h
H Wl.v( iy T , B SR S -
T E oLy “
iwﬁrm E,.O i S At ot il R Ry - b R S e - 1 ey o
jwy celTol R T W ] ; S - _
A H - Dt e St A R I S I A I B -
’ . - . v i ) , : . . !
i . E.w..r o . e e ..;W,EL - “ S o fﬁ‘ . - I SUSG -3 -,
T N I ! 3 -4 ¢ ' ﬁ : t { y
el OUT.“ , ! : : ; ) )
. r.su Ce - i — ..4«!&4

b -

E |
AT
LA

~1

i

!
N

-

+

-4

‘1

-..E

 WRAVE
1
1
:
|
|
:
-}
|

? .
+-—
b
’-—

t

|

}

Lo

1

}

}

-4

i
!
1
I

R
|
!
e
R

l SIS NS SPUR

38714 |S6°S

1
'

m
|
i
b~ 1 AuOPHL ol
! f
- !
d
i

!
beees
S
f
- [
i
|
[
!
!

5
ops/ud [96ie
5

S /44 To.nw

f

L
o
i
+
: ‘
' t : :
. ..',.~..-.L._T-_§__ et —
P i
1
4
]
|
——— T_ - ﬁ.___,,-_t.-.._—_.—_ o b —— e e
r»—

1
_f
T
i
i
!
!
L
]
|

08s/14 O

b -

-

4 D
KL R D T N




Gt
R

o

1

: Tﬁf

Tb'w

CUNPD SO USSR S

|
f

uNiE[

4 :

N S
i

¢

o . .
} ' b e ) -
EP QSRS SRR ORI SR SR S

L

—ld

) , .y
il I NS A O IR NN R R
14 4

i ri_ ..L._._ ..‘-__ JEES ELI DU

L

i
"N

RER

!
ot

B L b eyl R,

j

ENT]

)

N

3 SRS

R SEEE SN0 SREEY LR AR B L : M 3 } I "1 ; ]
dL, vy I I . A~ b : M .“ XY . m bt | . m ..4_;“
2 pe Il.o,w\ - t.t”d,“l,,.’ .!‘_.: S S lnymN. v..l,...((w ....v,,o N ' " .on.. HL.‘I;. JON A_o . M - - M. ﬁll.w'n ~ 3 ..‘flqﬂv. - MA..V P 1--
ENE I PR : ! . T ! , : ' N : : ! . i - NI - :
- ; S S N Riall Bt ; : sl I | ] s : ) A B i
= IR AR I I D A R o IR w : ' Col ]
imf R Tl TR SERTESEVSPEs STary S L“.‘i S e L REE SAeRr RS SESRTERNES SRS RS q« .‘Aﬁ,. Rkl BEEE St T IEE ek e = - i D R S
v A L | _ : R A I B M Y 48 o
p < ,;.«fLr;Jll_ﬂ-.lm! T T e e e AR S Xw.l.xri.,*.qv- f—-t ~— ot J ~ wl 1 + -
a0 “ ., M R N SIS N “ SRR . L
BEBEE .,.M,,. oot :Mi . i_ T ..T\..!o.!.,“, i Wlow IR T TR ,Jlmﬁm‘,.-ﬂ-lg. A ‘ﬁ%%,.?wm o aiic i S
TRy L R T RSN E S T R | . ot RN AN N NN DR I S A
..... 7 ) A A U P St S O SN e P N IS 7 S R P B
n o”w*,.c.o.'...ﬂl-,- et SRS O Stk rarat e SRS SERIES -t - k] Rt saers SEec SRS s A - -1- -T e ey SEEI SALe SRR BEREEE
Lo 1 b Co L . ' B S : . ' X '
. .,A . HH - ! 1 { [ HI t \hr _! . Mf o f- . ] ~ B
TR T R . T T ; ! ] .
il e ! : L u [ ; ' i i : o . Lo
. g = =t 1 St S A Sabl St bt abrl et A +- —t - hae Sited stats S SRR Sy

6| MO

N

ING
|
.

f——p

-

_LAw
o
!
{
|
T._..

t

b e e — ————,

- -

uwu\f_ “uo 2z

uwn\.{_ 0.
$/14

E

0
i (.umth 2| | ! |
- SRS CEPOAREARE Stuniie Raiis sl SEELES SRS o aodih i
ARN=EZE NN N
|7 -+ ﬂ A ) ' 4 $o-e : - - _ 4_1!1
p ! H Nwim o . N 1‘
s ‘h - ‘-WM*!\*E 0.!..?)‘ g et - O
_ S ! : i P ST
R : + e “_ j
H { _ ,n ‘ ~. 4 o~y
t o i m ' ! l.\ﬂ
- e Tty o i T4 IROE R
g._. 4 ! i , , { 1 ﬂ :
ml : = .{10._(‘1” * 3 B¢ :
; : | A : o
” . ‘w 2 - WA c o 4 .., — - - w« S b e - lﬂl - - AIQO oxmv -
-zr+;:;s¢, T e
| 2 5 | . o g w ”
e + e T T I T RS Sk S NSl St Out S el SR
01 00 A 0 T P
NN T T awopa]
Bl *.l oo ,Tv:*\: R A = : ] I » pukl SRIRR BERES BAS
. P : ; LL | J$/ud (S6°S | A ! d1 .
pui M st S N ! : , 14 :
“ _ “ - ops/ud |98ic , 0 ol :
i AR A TR ‘ ,
G :

}labl

T UATHE P
e~ weF & E27 4 D
o] D AH

wrtq @8

tCH 234




i v ¢ 1 . . N
_ | | “ _ . _ | oo o
AT . i ' oy | ' , : ‘ Ar P
o Co _ G2 0'2 e ! xR |
e T i SR T W I 17 “
W N ] etk
. . ! ' ' . ! 4 ! !
- .,Dﬂn ' - - - ,J. . ‘ o I R ...! L4 AIItnL.,ILf,ﬂli
U~ ' i . ! u ” -
.T“.. ' ! : m ! ! 4 o b
— R e R
=3 ‘ m . . ! O . Ao
S R U SO S I B R B A
, X GME X . i : ; ! ' ! _ ‘ ;
. - ! . - | . . w . T - ) N “
Wh MﬁLu.R , ; b _ ; | | | . ;
' W ) : i ' ; | !
g OByt T T e g st e e A S S I8 -4 :
! t 3 :
=3 a4 . ! , : ! _ : _
. 4 . H m“ . * - m “ ! | m ' foooos 73 . |
N , ! ” i i i “ ‘ uuw\bu _o P4, b=
i . ! i
RO G r Rt e : IR e co o S U Heat s Bndbenues Betesinae
i o} ! ] : _ , UUM /44 N 1 R ¢
e Bm nNU ~ : . . . . da~
- “ : _ : 03§ /14 v n:
gz e i T e -k - AN S DS St N I TS NS
T W Z i : _ ouf: _0. >. | -
(o [+ O, i | /o P . SERE S S
w BT o : _ | m : _ 1 ' I3
| __ o Nb C et - N T . * Y R — ml.»ll.
i -] . m Il _ h . [
: _U.—O T : : o . | . SRR RO .
» M ,_ ; ! _ _, :
! iy , ,
— — el . . e d PR SR S
E = 4 T 1 m 6%
P .E.T . . | 1 1 ‘
E_ V_A , ._ _ ' . b |
SRR SN & ; |V T N S Oy (SO P
O - = w A n_n ,“ _ : T _ :
RGO o ] R )
S R SR i , i L
9 ' : . _ : w 4 ! AMOPH 53 |
m : ; . : i . ﬁ : T SO | im
2 : 0§S/14 865 . & . m
s Mmt. S . - : _ N " 8 R U S
. : : oBs/i4 96'c .0 . P
@® ' ! " + ) -+ J . '
" _ IBs/44 20°2 ' @ : : ”
<. - - . - . | . Sog fom
o 23s/14 O o iu:.xuxxu oo
. + . M : , _
, ON3937 . | P
) Y " vy -4 — k3 " L —



|AMP

!

ek
i
i
H

— t .mmw , M
ol ow o I
w4 : L S -
>0 w9y P
- - 'Nw.ll .be”\ g - - - b~ - .|44ll \$w'||'. —_ b'lﬁl’b‘ p—
3 <3 P i
- ; .Vl,. .T‘ “ m.o . M - * _ .
' | ! ! , =
T.I\T.h-" - O & fooeme el bt »f#-..,“,lz - - -,W..nol-.l
gz Siz e, : -938/1 4 2 -
S iaz __ umw\...u b h -
- :TVI(. ..}»A = l.tv . w _lvu) _ - ¢ T‘... D
T Tz . | ~93$/14 19 = A I=
B : - - , i : ‘ i t .-
mnt to. T S, , : . o . 'y
a2z i oo . ! o ! ) P A B
SRR Y : : m m i
. Sorx _ * _ ! _ ; m |
SR A = - . ; _ -, .- e ey i R .
2 = , , ! ‘ _ o
o %Im Z : ; : I “ &t
- M»_. - SE - 4 " ' : . i S S
s = o — 7| i
- _ ! —m———t—-——d= ANGIHL] S
A ) -—t-— , 034034800 Lo
R AMOBHL .
nlu_u . 03s/14 $6'¢ a ! m _
Q- . : . + 02 ' -
a. o8S/14 96'€ O _ _
8 . * + .
9 03$/44 202 ¥ M
n_n %3s/14. O O UIN3INWIY3Igx3
. ozuouJ »
- e —



R -808

S
|

w' |

—~Eyi- - -

b I

{.BODY LENGTH
. HEADING:

LENGTH

'wévs

-

ANGLE'
JOWER) .

+

-,

AT 60°
L (WITH

‘CONNING

v -

i
'
'

| i « | » R
. : . e e e e
W |
_ 0
: (0 ]
o B
TS T —
NUDRUP S x*:ioQL
o |
dagsrs 0 1 | elx
038/14 2 -
03¢/44 b | i
N SO sm'* ~4-0t— -
038/14 19 A i~
., “ } ‘8.
f ,/
: : Jmo
T : AT
o o |
. - ! I :;so_p —
: | , L A&
B 4 _ _ . s
i AHOBH L “
Bu - 1031034800] | _ )
+ +- AHORHML ,
" 23$/134 $66 2 : o
o <o
28s/44 96'€ O o
338/44 20°2 Ja ‘ i

J3s/14 . O

"o IN3WIY3IdX3

anz923n




FIG. 28

AMPLITUBE

R -808

PER.

MOMENT

ROLL

UNIT WAVE

Vs ,
LENGTH / BODY LENGTH

AT 90°

WAVE

ANGLE
TOWER )

HEADING
CONNING

(WITH

53§/14 2
238/13 b

\~-938/13 9=A
A
AHQ3HL
T T 03493809
AMOIHL
03s/14 S6'6 &
93S/14 96€ O
338/14 202 ¥ ]
23s/ 44 (o] O LIN3IWIY3IdX3
aN393"

0'¢

(14787 13) ¢

2 P
A




!
i
(o= e -
'
J
-

‘AFilstc

: -
1
i ]

q

.-
t

]
i
:

2.02 FT/seC

3.98 FT/SEC
?.95 Fﬁ/sec
|
i
|
;
|

a
D i
v
{
B SR §
4
I

P

'
:
i
1
—
'

|
k
i
1
]
L N
T
S N

T

CE_ b
i
{
|
]
|
i
I
!
i
e
} T :
E
—— e
!
|

1
L

!

|
— \
&0

EXPERIMENT| ©

!

!
2.0
'
TH

gl
}
C .

t
9]
'
!
i

i
[
t

e

:

t

i

1}

]

|
by
t

i

|

SRR SR S -
84 -
[ -

'

]

|
..T--

' -

]

{

,;Lo ‘
A

_HEA

T R

: e b S S o N - N 2 S . .

. _ G.E o} H ) NC‘ ! N
S -t w ; RO | e 9. _. o
ol 'S x I tod o .24 v ! .
il w2 ol I - w2 : u w

souE RN T PN E - R S B RS s e
- 1 m s_ . _ o b -l |

2 | m ! N o > “ . o

. : b . I - o »
- !
i

s
BODY .

1

i

7

i

|

!

|

DIN

T
[

LA [OR

v
t
Vs
I S S,

!
Vv
t

[}

!

'

1

4

-

4o
| LENGTH 7 BODY

|
l

1
!
HY
| HEADING!
ol

GTH

'
]
1

+

LEN

_:___ ..
io ‘

|
;-
AS
A
wavE
Tt
-
1/sEC
{1 SEC
|0:F1/SE
e
-4—-*-—-r -
}

+
Rt e et

Cd
;
i
i
-__T_*.
e
|

1
!
RN S S
i N
]
.
'
]
'
i
i
i
I
i
-——-'.—-“,._
!

HASE LAG .OF HE
AT _BO*® | HE

/ SE

WAVE
!
__f

|
|
P
?
1

———— e .
'

S R
i
| !
S
I
|
|
S
i

C

S
-
!
!
|

e -

|
“t
)

|
-~-*;-—'"f"-'
Lo

|
|
i
|
1
i
H
1
i
i
}
4
!
t
L
— e e
!
1
.
)

[ S .- Caa -
-

+ --r

40 BY1 IqvHd
T B !

{

i
H
1
S Y.S N
R o
29.._..._..
- L 340 e
wla A
- ..u - .. :,. P .
(@]
T
g
-}
W
- -~ LR}
L
P
o
1
1
]
I
i
|
1
Nl

! s
D S S T T T A T




!

R

e
—
'

RN
f.

i
AP SRS, S SN —
N 1 ]

YEGEND
T

1
!

L FF/8EC

.

2 FT/SEC

| Oa
{BQ Flr/sec
$.93 FT/SEC

%__
2.0
4

1

e
+e= $ —
*—.—‘_l.-...'_-
._‘“___r -
]

e ]
!
+
R R
H
1
- — T
‘T
P
|
o 14
[ |
i
AR I
i :
§ R

NN
ST
|
]
. 2i8
]
o

a
o
v

{

R

H'l .

!

—
!
+
|

!

t
!
-
PUGIE §
}
A
1
i

<
PR

:xra IMENT| ©

}
F
.F-j |

i
T
*%_
ORCH
NG
E

LE NS
ANGLE|

'

. p—

B

bt}

1
i

§0BY " LEN

R
;'A‘;LI'}.DNG,,,JA. 6
.

i

_HE

1
N N

L

-.1

A
OF.

t
o

—— e —

| HEADING:

0

LA o

L

i

HA'SE|

ENGTH

LA

ENGTH 7 80

b

T
— -

PO Sy
'

1

f RSO W hllo..l‘ T

JUR BV

“WAVE
A

P A A St S T B

N RS o

80
o
eobo
P

vrRYML AF P
§>.X° ¥rOuirwrercs "o PR ]
10 D LRS! M w7 e —— AT- A ———— s—— —




[

-

!
‘

- a - T _ L ¥ — R A J.— ' 1 n
RENREARARE RN T ,
Ji,*”oil.l»- : fﬂ,.-“ “;“ R LRI BEEEE SRR *.- L M _ 1 -

. ; LN { ~ ~ ~ ~ ' ¢ \ I # “ ml | * .

i : o SRR R SR ; . N B
SR e e S KR RS T T ! [ m 4
b bt 4 bl e R i (I EIEE RS NS I R B R B o

| RGN : _ | L L

w_')‘...lm'vnlw.q N {” - —— ;I%II’II*‘IVO.I m.‘ . d “ ﬂ l.Z_r:oCﬂr 2m

{ ! z _ : o S |
T B e SRR A e
il jel L SRR DU DRSNS S _‘_J:lr:Lel4¢ia-J-tl
Lot
b o d SRS FU A
AL M ,

N

NGt
e
sx?ééu@édri o
{
|

1 1
6 MO
I

LENG

ANGLE!
‘ |

.

|

|

1

L

!

|

|

[
 MOMENT |
o

TH

LENGT
ANGLE'

.....

}

DS |

_éOCN'z

—
L4

M

D e
I
.
i
i

-—

ING
1"
N(?

L DAL L
. x ? . ‘
- S R
:g% ;
.

t

ITcH
L

/80

L

| HEADI
1
E

PIICHIN

ot

!
HE ADING] _

Lo A4

|
i
".‘

3 » } m.

10 ...rhv ) o .TIT%! .
..tllml.cl.llN ) X . ! ' ) . i : -

K- R T IR 1O T ® i h ; &J ,
TR < 3ol (I BRI
S IS P NI 415 R R B
| wilowfy w wel 8IS S EEEE N I
| | - ?bfl-n. R - GUDRE - ¢ cimeny e dm el “ - - . s..lq‘

FIEL N T 2T wiww ! | . :
. R T , @ P s . * oo | +

TS _ i Y ooile o v | ;

: ! 1 O - - e l!«l.... e R
S “ > ! : "

OO T T ETsEd—

240 —
SETY:-1 R
200+ —
1-8 O
S A I

ﬂ*ﬁ. o L oaspA s D LANLENS
1

(TR IS Yr I C AT S B L1 B PXE 5 — — W emwe e we— —



B -

AR

—
Al

T e

LM et

1y YAAD L a

o BTaw

—— - A _: TQ.‘” H‘M!HT (J'.’A ar

-

]
i

o

. PHASE LAG OF

PHASE Lag OF M,

R -808 i
AR
’ [
_._4,_ i

280
*}ese-

geor ] 2 FT7sed—
0 Fr/sEd—
2OOf ——i-— oot

480

®
e
!

— RS Ml - —_ .- - . b = -
} *LA 0°i EADiNG' ANGLE®  yeseno |
| L1 r | EXPERIMENT; © {0 ' FT/SEC
D ! - AR . & 2.02 FT/sEC
' § | L i : " B o 3.98 FT/sec
v- 6 FT/SEG | | ! ’ M

N N
M t
Y R

t
14
X

ISR A N T
AG_!OF RITCHING MOMBN_'[ ~L;”_{s_”fﬂ!

-.._'._-.....

V=s ' i v
brﬂ_/aoov LENGTH |

§.95 FT/SEC
L1 .

e FT/SEC

......

3oo+—

- 2861

2604 -+ - - -
, - | ]

. 240

- 220

oot — -}

P

t8O—

3

U SRS

-

R

"lL N
R [ S P * B T T
PHASE LAG (OF PITCHIYG MOMENT |

V‘S ! H ' )

BOOY LENGTH'
m‘:%omcl AQGLE’ 3

: ) .. ]l . : ' .. A . : .
G e e - &-.- e __*,
N } l :
. ! i |

.
ELENmTH

AT 90’:

l ~WAVE

+

-
—i.

©

R

s

ﬁ

Ve f?/ssc
i Ff/ssc

-

i rt/sec - "
. 0. F{/8€q—" | !

1
'

i

; ]
.3 : 1,0 ; 18
‘ . . a. . .;— : . ' .

L ! i

N




L

FIG. 38

+

PHASE LAG OF

. Q.

PHASE LAG OF X-

180
S N R T R =
140} -

t20f - -

100

®.
°

@
hd

s
o

{ i M v ) T T M ‘ T T

Lo Lo R ! ..... b L ',3

1...."_.'.{‘“,A§-.Eq!- LAB OF SIDE F°R° - -.J
' ' | 1

; v | |
. i F ! ks

] LENGTH ! Boov LENGYH«

—— e m—————

_WAVE 00
HEADING‘ ANGLEE

% . |AT ;00

qEGEND

(wnuour conums'  TOWER) | EXPERIMENT

o .o

FT /SEC

1

2.02

FT/SEC

i

FF/SEC

!
—t
T
t

a
0 3.98
v .95

FT/SEC

'visirfls‘ecf

13
RS SR S
,

+20

10067

o
o]

&
Q

001

b
%

| THEORY X ! ;
Lo e A ; f
4 FT/SEC l i D ! ;
"2 F1/sEC : { Co | ! ;
e e - EER el il Sl i Balendeninnt adindt et dih b S —N{— 4—-—-‘v~‘—" ————— -
0O FT/SEC t : | ! i e ;
. . . -4 N - . . : ;
‘ t b ? !
- N N
: P , i E y
S *6 T A R
; b L
- - T - - 1 - V‘_' Lo - I N -
i i N ;
i ! ' i ; ' Lo
0 3 1.0 | L T 210 2i8 .
b .- * .- . . .- - . [} R '
; M
T SO AN SO SN SO N
- F’HASE 'LAG OF SIDE FORCE | |
R R S
— - - - ¢-~—6— B e IR R T e - ——h - - et -
P WAVE | LEN!GTH / BO[?Y LENGTH i !
;AT 60 * HE mmcsi Arg_c;LE‘ ' é
L oY TRAMIRYE A SR S
(W|THOUT CONNING 'TOWER);  { | o
. T A — e ,«;~..._._5r.t e
v s e FT 7SEC ! , !
to- ! '
4 FT/SEC : i ] :
b .- P ._.A.. - .1-.- .V.- . —_—
2" FT/ S€EC o ; : 1
o i o
| o F1/ec _woa
' i q t
! ) a !
AT e ST
; : * ' t '
. : 1 R |
— S T S (S
© S 2,0 2.5
i T g




1HY

EY

r— o l‘ 2601

180
“ 160

o 140

oOF &5
al

(wiTHoUT

fv;

"u."
"0"!‘9
-
! 4
%
<|00‘
T
T Qa

1

'
@
o

WAVE
lAT 90'° ?

6

4 FT/SEC
2 FT/ SEC

|0 FT/SEC-

mCQNNjING”

I

VS

j 0
Elr .EAG or SIDE

HEADING

.T_O.WER)

Ff/ésé"""‘

| LENGTH 7 BODY LENGTH

¥ 1 '
| t i i !
4 [ R :
FORCE i ! .
e *-4 +
] . ' '
I i :
. i
ANGLE JEGEND
EXPERIMENT; © .0 FT/SEC
A 2.02 FT/SEC
i ' 0 $.96 Fm/sec
; . v $.9% FT/SEC
d | T
rneo_nLY \
B
{ . (
- LEUR P _—
i ! ;
5 f j i
! ] .
R T -
} R

FIG. 40
- r g0

466
140
- - 20

+00

S

t

.g,p .,?

p?mss LAG
~.,&_.. -

; WAVE

A T 5_0‘ »‘ f
(wmwouT ca~~m¢

Ff /SEC
'?f/s:d”

o‘m.ao

OF YAw
V-.s

LEN*Gi’H ¢ BODY LENGTH

HEADING, _ _A@g‘ga o

| S f‘

Tawem

|MOMENT |

NG
| Lo

, .
1 :
2.5

* |
‘ :
1

] ]
| .

SO S S
! ;
mmp e e

; i
j 3

| FT/ SEC— '
.. . . - .
~lo 80 Fi/ sed-

W ! ;

o

-~ @i 60 — - .
< :
-~ '
D40 Ao 3

g . : !
B : ¢
o J '
— e~ - 29 R
0 3 |
: g |
: . . ] I




brd

M TCAF

IHT QY Or X ¢

«
B
B
x I
. s
x,

Ve

.-

A v
PR

S
zt!

OF

N
Q.. .

=

-

..

1

r
) PHASE LAG OF

T
j
+
..

b e -~ .

Fie 4 wave L LENGTH ¥ BODY LzENGTH

120}

. “8"0‘*'-"""“ .-

FIG.42 , Co AL
- 280 < o

4 40+ -~ —— b

PR o bt

R-828 I } i § ]
. i _PHase LAG!OF YAwmc MOME.'NT
' ; 1 v5

: AT 60 ° HEA’DING' AMGLE

yeo

QEGEND

EXPERIMENT| ©

[
o]

FT/SEC

(wvmout c_:oup:md Towem .

2.02 FT/SEC

3.98 FT/SEC

a
i 0
v

?35

FT/SEC

140+ - e M; . g..&”ﬂ”f__h."

{

""7’2 FT/ SEC.

0 FT/ssc
bOOF 1 -4 or o

!
B
i

'

:
!

T 1 4

THEO?Y o 4

| |
0 s . 1,0 1,5 . 20

— ._Qf-§ v — —— .-

PHASE ,LAG OF YAWING !M ENT
ws | o

WAVE | LENGTH ¥ eoov‘ LENGTH
{AT $0.° | HEADING‘ ANGLE!

(wnuout counms' ToWER) |

-s FT/sec
4 FT/$EC
2 FT/86C—

o FT/SEC -

| I T S

' 2.5 )

C

—-..—? g e

1 . '

o .

: : '
et o

. V
h .
220+ - P ———e e J S T T

?._.-....-.._ U .__-;*_._.___..._.- — e e 4 e e

r_.
v
.

PP S

| r . ; ) { '
- R R
40 : ‘ — , + ‘
) .8 o+ ais. . 2o | 2.8
R R Y (S

;,;““ﬁ_




Y g

Voage s

"o

b e

— 1 NN R ¢ O M - AR b

MR

} OF

FI1G. 44

¥
t

.......

PHASE LA
*
°©

1
)
b
o

- 140

{20

qtee

-+ 480

- +20

..¢..._.'-‘.-A s S S A §

; l : j V‘S | : i ‘
f WAVE ' LEN'GTH / BODY LENGTH

p— - [

1

R o05 T T T T T T
; :PlHASE. LaG oF ‘SIDE 'FORCE L

AT 30° 2 HEADING! ANGLE  vecews

o ._ - ...__- - - e -

{WiTH GONNING TOWER)‘ : EXPERIMENT.

c .0

FT /SEC

"0 FT/SEC —

: ; j & 2.02 FT/SEC
{ . . ] . .
‘ o g ; ) | ; D 3.98 FT/SEC
" | ; © v $.93 FT/SEC
! : : ' T * '
\ : THEORY ; -
. . _ _ - I S ! 1
r ' ‘ ' " : : : ) !
' 4 . i _ . :
! ! i ! | :
i . .
p— —— ¢ mme—— e ke AR ~T-- ——r b e -
Vie Ff/ SEC. . | ! ' :
{ {
1 . -1

O
ST Y .
_‘i; -

o

n

_ WAVE LENGTH / BODY bENGTH
PAT po °‘: m-:@,om& A&GLE*

+ 60+ — T - A

(WiTH ’comqms ~ ToweR) !

i
-’ 6 F1/SEC ! ‘
.0 F1/ SEC.— |

b . . e e - R

t
'
b— -~ - - - e - - [
1]
+

- e .-_A,._;.,,- O U

i

i ' i
: ; : ;
- IR L o e \,._Q. — e - ..-...T..“._-.___:. e ———e -.‘-....:_ —
SE i | N\ T
W' . | . . . —ay + — ;

S ' : v ; © | 5
X 1 e SNV U O E O
2 ﬁ I :

' f i ) .. N
w ! , : : '

L. -0 60"" -4 P— o [ — e~ - -*._.' — e __;‘__ .

g ! f | .
. X, . L { !
a ' i ! . ;

e s e e e~

. N e O
o - S T
o 80l - - A S Y S T
| ! ° : ' |
S i i : 1 4} :
- AU A
T i | . | ' | i TR
o .8 ‘ o 1,85 . 210 . 25
; : % XIL , j S 5 i
C o0t vt e LT oI phautih S S
. ppmsa LAG OF “SIDE FORCE : L
! vs | ; ' o

1




'l

- .Y

~e—

S W OY CoN
< LT a4
e

S « sopme O 2 £ N
. ‘e .

- i T T ; [ AN
rR-878 , - ; ) i o 1 ! , |
; : ? " AT 1 T
: | : | A
. b PHASE: LAB OF SIIDE FO CE _ s e
) - ‘ ! [ V:S ' ‘ : . ; . '
FIG 45 . WAVE ! LEN]GTH / gooY LENGTH | _f o
eeer AT 90 ° g HEADING ANGLE  UEGEND
; (WITH CONNING TOWER) ; EXPERIMENT, © .0 FJ/SEC
220 S N A 202 FT/SEC
: 5 . O 3.98 FE¥/SEC
- 2601 s ~- 4 e - J.>- pee e +— _yx xg
: ; L ; i Vv $.95 FT/SEC
; ~ THEORY 5 ' "
- 180} o ‘ ! A ;
: : i :
| i | | ;
160t e e e
S N R ) : ‘ |
; 4 Vs 6 FT /SEC | ! | 4
SJo Y4 TY FTUsec AT S
& 2 FT/SEC Do R
ey 04— - e e e S SNSRI F
g, te0 0" FT/SEC , 7 .
Y P o ) .
' ' : ! Y { ,
3)1 R < o -} -A-.__QBI, i __.,_g.%,_ e e
< : : = : X .
T ' ' ' T : —- :
e ¥ | ' ] |
- - --80 ! | —+ PO S
% 3 2.0 2.5
FIG 46 : : . XIL , : ' : | ‘
L . e - e o
" PHASE 'LAG OF * YAWING MOMENT ; :
' : ' ' V‘S ! 1 ‘
Y i - T
_ WAVE LENGﬁﬂr BODY LENGTH . g
* . H t i
yaob - - AT 30 : EADING AI?GLE

. PHASE LAG OF

- 100F -

(WITH

4 FT/SEC

»
o
T

CONNING Howik) i

Vi 6 FT/SEC— -

8OF T 7 ET/sEd-
0 FT/SEO '
zio-‘ee—-_-‘_v 7‘ R
- 40} S

| L
L . "&‘
. e} 5
| |




—— -
Y

or

tHMT O Qe g

oA,

LT

.

L T

R-8C8 f L Co
. PHASE | LAG, OF . YAWING MOMENT
. ) 7 ' ] v:S ' '
FIG 47 ~ WAVE | LENGTH / BODY LENGTH
200 CAT 60 ° . HEADING‘ ANGLE LEGEND
:l80 (WIJTH CONNING TOWER) ‘ EXPERIMENT © 0 FT/sic
: : . A 2.02 FT/SEC
. 0] 3.96 FT/SEC
-~ 160+ ;- . - —— X
i 1 v $.95 FT/SEC
; THECRY
1401 - - ‘
V=6 Ff/sec
120} C -
4 FT /SEC
"2 FT/SEC

2o 10T o Er/sEC
u
o .

o a.o._

[~ ¢
-
& 60+
L4
X .
a
L 40 1
0 5
FIG 48 XIL
240{" O
PHASE LAG OF YAWlNG MOMENT
V‘S
220} - :
WAVE LENGTH / BODY ;ENGTH
AT 90 ° i HEADING ANGLE
200+ - - - ARLLLE
(WITH counms Toweni v
18or vie Fi/sec
reob.. ¢ FT(ssc__
) 2 F1/SEC
_ "0 FT/SEC

R '49_....,,_.. e mee —a- . PO .
zlo i '
w’ i f
O .

N < 2 *‘ee onlRER St — -
> ) ,
- : )

Y00k - 1
g : |
T . ;
- . . 80
0 : .8
1 ' : v ‘
; i 4




i ) vivlo|@ .~ | i : ! i
o g% 8 ls ] " o N
< : NS S m : , ! . , | ; ) N J
I Y 3 1 13 O O P N S S
St IR Sl £ £ 15 f IR SN SNNE SR SRS S R S Sttt S L RO B
- . NjO | © : . ' . : _ “ . ! !
Wy b oloja|©® ; ; | ! | _. : v ! ! i L
I R o . o , 4 , , ! ) . w ' ) _ ' .
. w o o~ [ i po—me < € Pyoee i U Y 0 i
j z . ! M : v w T QMU.- 0 ST
] r w , : . _ o P
! i oloja]|O - ! ; . | , ] “ , | i
| . . W , . . « ! , . M ) .
o - T 17 | T A,
o 3 - : i . ” " ." ; 3 ! S N :
e E 2 x | ,‘ o\ , , ” ~ | o | | |
eI e — - . -4 -4 -} [ p e . : ' : :
Z, oW w o| ! > 1 U~ 1A Sttt B et Rl S e+t Heh e S
! P~ al , " | ! : ~ ~ _
et =z =4 o : ' : _ | ; , ! _ | ,
= gog|s - R N R A AL E U
I;AMU.. 2y N....W e S R IM - --wiw mt ST w xM . -
s \ . A ) i ” . , “ | : . . '\d:vilnwllolfl.,sl B _.||' o T M -
R R ANV VoL e
e F = o7 St Rl i S I SR T VA D T P U S S e A
i .o. ] ¢ i . H ﬂ q« i - .
S 2zl U N D ! m | ! “ o] | “ _
EL DEE o AN NN N
S S 12 et R R AA N N b e
el @l O | : w | “ . _ ! | . o : | ‘
»JM\MI rlN,...;yw. YM — 1J - vﬁum« - l‘iw. — vbf PR 4[ -~ . * - N —- zi..ll,.ln.‘u(.!v -
;. T | " 0 | ; 4 e . ” _,, 4
3 N : m m o to oo H
IR : L uw W | h
E_ Sy Nt - w e b oy - - - -~ S C Gt e e e o
! i , _ w ._ RN NEEEEN : “ | |
.,MN" M,Em Tm. 1 : : : A : , |
>4 AVH._ < ,. | m TR TR T T , ,. m
W = EP 23 R S L A m L
at ! ! ! ; I - AR
. v . ! i ' ; ‘
L P o
~ ||||»' i : ; ﬂ m . v ' . . I H
[ e s S - . - : . _
. i i : . T ) ‘ ]
: | I : i ,
. | . _ _ “ m _ N
- ) ) o | ! 1 j T | i ! O e _]
' 1 . [> o] : ! '
® _ o +~ “ - - - ® 4 2 ' “.. !
: ; - ) ~ - - R B P [ . . . - - P ' - -
Lo _ . | . , le,..._O 9V 3ISVHd ,
: _ , , ! ! H :
A e ! !
vatr SRR S mi .l 2 X!, - 3 rITiﬁ. H l... n.. L __A‘l. - Wq— -




O  lawsms
W

T OY
RVIRE IPFY B I SN S
FiradLA

H .

S

- e - TC 2

[ U

)

vs P
T ¢ Bom UENG*H L

—te o

AT 60 ° | HEADING'

'AMGLE

T T M T "
! Co '
SRl ETE R

il L ehasel La¢oR ROLL MoMenT i |
: ﬁ ! '
o

‘ «':w,

- ——d-_L..__.. - -

L'EGEND

=

!
!
i
!

E

i (wrn+ conmns Tbysap

o 0

FT /SEC

200+ - - bl S EX'PERjIMENT,

202

FT/SEC

§.9é

FI'I’/SEC

USRS TAPUSNI NI

di0| b

FT/SEC

1
; A - S ! ; b 1
BEStRIER S 2 -2 malb TR S SR S JO0N SR S M
. , . i ' . . .
i
{

T e‘FT/seé~“"f"’~°
a4 F{/sed L

———y - e

o e FT/Stcm

: L0 FT/SEC f
._,¥EL}.20<__.. ,;__- _,f.- - ; N U
- - . .. .-I. .: - . ' . N

o 2y
4

P

i
]

S SO

i
4

Y

1
!

g PHAS’E LAG OF
) 5 -
o &

RINE IR

I | i ; | i 1
o I o . 1,8 ;
FIG. 5 : ' RY IS

. PHASE LAG OF ROWIL mouem'
_i«_r _-‘. ? V'S : , 1

| [ WAVE | LENGTH BODY LENGTH

200f— i *_Lﬁ'-io ° HEA.DING ArpsLE

[ Q. e -

.__-:.. - ..2‘.0.'»_._-4;-._-.._1‘.—__~._;_- i : b e .

it i
i . '
' . L]
v
2%, —t— e ]
1) i :
.o ¢
]
P- -
i
!
'
-
H
1
e S
; ; i
= |
L]
2,0 ' 2.9 ;
. . 4 . - '
i : : !
- .:-__ S R
t +
. !
? . '
S SO U SO
‘ !

: | I
WY —— -
v-sIFT/$Ec

4 FT /$EC—

. 2! rnssc—\
| o FT/SEC—

- +60

]

)

!

1]

. !
-t

]

1

!

i
R

|

i \
! !
Q1.
|

, ]
h '

B e I I S
H H
| '
i

| S
N 34].;.99_~ e SO R
3 f | , ' ‘ !
at ~ : - t ;
. _;___ae 1' | i. | ‘ . i : 5 i ___.i e
.9 : ) A B (- A - 2to L 2i8
4 ! ; i s ! . AU
SRR S SR SO NS NN, ¥ A S R N




T T M T T -
] | | | L
. ' . i .
- . O Jx 3 .
—— B 1 Ll
| il 4
- o Lo S . R TS R -+ R Bt i R
I |
i — —+ -
el | e | N
i R . N R A A R o P [ ~A 1 _ ’ J% B
= ' St . : ! ' ! ! : o ; :
I AE I FO EEER I e | T T T | | i
| .G SRS S (R I.f&. N WM _ . . S (U DO S PO NI 19# :mW‘
877, § d w h a St , ! ! >
> - I : ; i 10 e pm e o b ! - | - N
L g A _ 8 P m ! m ] m
S S N SR ESNE T * -3 . Y S S (S RN DU N SR
RS IET E ,/ : | _ ; ; h | a_ L M
RIS .| \ 1 i | S S . ! | _.
Bk R _ “ . ] N B
SR . . I peopy po I -] *‘ . . . 4 .-:+.A.Ls.:_-- - :t;_i,n. b -
=+ T T
te- o= M ™ 1 ’ — "
SSssTRRRt IORT RS , iy M w ' : 4 ~ " | _ m 4.
D i i u ! ) } : .
?Gnﬂ..::. C L : j L “ i : B I o N
QX ™ il ' ' ; . X : i
..,G ) S W e S R e e I i ! emes RRAS Abba B - xT it B it ui
T \ i | N ! : —
ﬁ — -~ - % - I N ; 4 m ! .
Doy 4 " ’
= 4 RREN + o R ASURN HY DRNDE N0ins byave om L ,M‘rlzLI}
K - | ol N . g ; RN [
o . BTN i | ;
: . . ! f ) . .
) ol A B kel
R TR DERRN Ehaan AU.“.‘.._;,NW,..,:“I?._,! i .J N m . wf ‘.-M- e T ..#f.t.N_MJ} LN
1 S E m 4_ i I ~_‘ 4 m_ L
: RS BRSSO B 1 : : d
: . ! : ; ! o | o
A EE AL b BSOS AN I L -
: i el | | : M + .
~ M ! % RN VR R Y

S
; !
M T : . “ h
[N SR G .. — Aﬁvlv A..;?ff._! — -4 ,I.'“f e e R Jl,l,n_w .
| | . L ! . , .
”‘ T3] IINIPIWANY 0 A1 | h _
o + AR ERn N el AR St e S B . LI B I A Rt Sl BRI S SEE o
9 i ! | L ; ! _ 3 _,
R : A S D I T o TR A S R SR R B
d i i | A ; | q o L
2 B E B e Tt e T e el e e ety Bt Rttty I S E B
SEat fhest RO m , L 1 I Pl d Lodo bl g

YIEBYUEUE o
E;.q KERELET @ E&2kHB CO" nYCLIMD ¢y
INYZ2 1o X 15 1D L HE /5 1UCH LY YRS AT
R P s e e (000 8.1
| S



. e e meremea ey
L N N A .

R-808

FI1G. 53
SYSTEM OF COORDINATES
\ Aze / )
c
CREST
CREST

Ty

_—
<%




APPENDIX A:
THEORETICAL ANALYSIS

The results presented here summarlze the analysis
originally reported in reference 3. The problem 1s the pre-
diction of the forces and moments acting on a submerged
slender body moving under a regular wave system. The coordi-
nate system and other nomenclature are illustrated in Figure 53.
The body 1s constrained to move in a straight line at constant
depth and with no angle-of-attack relative to calm water.

The wave system 1s at an arbitrary headlng-angle to the course
of the body. The effect of the presence of a free surface 1s
neglected in determining the forces and moments.

With these assumptions, the expressions for the
forces and moments acting on the body are derived. The slde
and heave force are

Xy D D v,
Y= [m (Bpp vo) +m 3| ax (a-1)
X
S
X
b ow
_ D 0
yA S [ﬁ- (A33 WO) + m -ﬁ—] dx (A-2)
X
S

where D/Dt =90 /0t - V 2/0x, w o and v are the wave orbital
velocities at the point (x, 0,0) of the body, and A,, and A33
are the two-dimensional stripwise added masses in the Y and Z
directlons due to translational motion in the Y and Z direction
respectively, given by:

A pR% (at all sections)

It

33
Bro

omR® (at segtions where there is no conning
tower




Ay = P [(b + R)* - 12 R® bz] (at fairwater
2 1‘_b2
sectlions)

For the yaw and pitching moment the followlng equations

were used:

b
- dy -
N —‘ x5dx (A-3)
Xs
" 4
M=- Xa)—c-dx (A-ll.)
*s
For the roll moment
xb o
K. =+ I—D-t- (A42 Vo)dx (A'S)
X

S

where Auz, the stripwlse added mass moment about the x axis
due to flow in the y direction is given by:

(b - R\2 (b + R)*
8 bs

(F + sin™ H)] (A-6)

The wave orbital velocities at (x, 0, 0) are given by the
following equations:

v, = ~kac sin ge~kn 1k [x cos & + (Vcos 6 - ¢c)t ] (A-7)

w, =-1k ac e~kh 1k [x cos 6 + (Vecos 6 -c)t ]

(A-8)

These results were applied to a series-58 hull with
dimensions given in Table I of this report. The forces and




moments were evaluated for a submergence of 2.5 model dlameters.
The origln of the coordinate system was taken at the center-
of-buoyancy and consequently the moments were calculated
relative to the CB. These results were transferred vectorlally
to give the magnitude of the forces and moments acting at the
center of the balance. The computed phase lags are relative

to the wave height (n) at the CB given by

N = a cos wt. (A-9)




APPENDIX B:
INERTIAL CORRECTIONS

The flexibility of the structure, used to support
the strut, caused the records of the force and moment
output to include inertial forces which were due to the
motion of the model in response to the wave forces. The
corrections, made necessary by these lnertial forces, are
discussed in this appendix.

The linear and angular displacement (& and B) of
the model in the x,y plane relative to the strut were measured
and recorded. These displacements were proportional to the
force and moment (—kéé and —kBB) that were applied to the
model by the balance, where k6 and kB were the callbrated-
spring constants of the balance. The wave force and moment
relative to the center-of-buoyancy (Y and N) are the quanti-
ties which must be found. Using the usual nomenclature for
the linearized hydrodynamic forces acting on a submerged
body, the equations of motion of the model relative to the
center-of-buoyancy are: '

Y + nyy' + Yyir + YBB + YB;S + Yﬁﬁ—kéé =my-méB (B-1)
and
N + Nyiy' + N}-{Sf + NB-B + NzB + Ngp - kg + Likgd = I B - méy
(B-2)

where 4 18 the distance from the center of the balance to the
center-of-buoyancy and £ is the distance from the center-of-
gravity to the center-of-buoyancy which are both positive when
the center-of-buoyancy is forward. The hydrodynamic deriva-
tives and the moment of inertia (IZZ) are all relative to the
center-of-buoyancy. The total linear translation of the

B-1

.




model along the y-axlis was found tc be large in comparlson
wlth the total angular displacement. Therefore, the angular
displacement B is assumed to be entirely due to the distortion
of the balance, while the total linear translatlon is denoted
as y, and the linear distortion of the balance 1n the y-direc-
tion is8 8 (< y). The hydrodynamic inertia coupling terms

YB and Ny are taken to be zero in this analysis. Solving
these equatlions for the force and moment due to the wave
forces and transferring the moment axis to the center of the
balance results 1n the followling expressions:

Y=(m-Y.y)y—Y-y—mﬁﬁ-Y;s'B—YB+k66 (B-3)

y B

+ 4y =L - Y.)4 - 1y - C4Y. + N.J v +
N Y (m y) méely 5 g1

a C{(I - N

2z ‘B) -mérIp -LN: + Y23 -

BT 7B
[Ng + Ypb 18 + kgp (B-4)

Assuming simple harmonic motiorn with frequency (w)
equal to the frequency of wave encounter for the diasplace-
ments of y, 6, and B and assuming that all of these motions
are in phase with each other, equations B-3 and B-4 become:

- - 2 - e Ed . 2 - hd bd
Y = -0y (m Yy) oy Yo + o B me -1wB Yﬁ YBBO + kyb
(B-5)
and
= - 2 - [ XJ - - [ * -
N, + Y = -0y C(m Yy) L - mEl -lw y E&Yy + Ny)
2 - e _ . . by -
w Bo C1,, - Ng mE4 ] -1wp ENB + Ygt 3
[Ng + Ygt] Bo + kBﬁO (B-6)

where an eiwt

has been cancelled from each term; Yor ﬁo’ and
60 denote the real amplitudes of the respective motions and

No and Yo are the complex amplitudes of the wave force and

B-2

pormd tperewd
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moment. In these equations, the hydrodynamic terms lnvolving
ﬁo were small in comparison with y_ and the terms iwyo&Yj,
wzyomé and 1wyo&Y§ were small in comparlison with the remailn-

ing terms. Neglecting these terms, equations B-5 and B-6
reduce to:

= N2 - .
Y, = 0%y, (m Y,y) + kg (B-7)

. - oo&— N'+l{ B-8

In equations B-7 and B-8, the terms k560 and kﬁﬁo
represent the recorded balance forces; the left-hand sldes
(Yo and Noﬁ-ZYo), represent the complex amplitudes of the
force and moment applied to the model by the wave forces
relative to the center of the balance, and the remaining terms
are corrections to the forces measured by the balance, which
are necessary because of the model motion of amplitude
Yo and frequency w 1n response to the wave- force excitation.
From these equations, the phase and magnitude correctlons
to the measured force and moment may be found.

The corrections indicated by equations B-7 and B-8
were evaluated for several tests. The acceleration Unzyo) and
frequency (w) were measured from the records and the velocity
(wyo) was calculated. However, the recorded accelerations at
frequency ® were lndlscernable because of the hash in the
accelerometer records so that an estimate of the worst pos-
sible value for the magnitude of the acceleration was the
best information that could be obtained. Using this value,
it was found that the phase correctlion was always less than
5-degrees and that the magnltude correction was less than
10 percent for 90 percent of the runs. As a result, includ-
ing these corrections in the calculation of the experimental
forces and moments was considered to be not worth the time
involved. For those cases investigated, the inclusion of

B-3




these corrections did not lessen the scatter in the results
for either the magnitude or phase of the measured forces

and moménts. In all cases, when the magnltude corrections
are included, the magnitude 18 reduced. The side force data
corrected on the basls of the previous analysls are shown
as the flagged poilnts in Figure 16 and in Figure 19 for the
yaw moment.
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